3.5.1.3

Normal Conditions of Transport Results — Model AOS-165

Table 3-64 lists the tables and figures in this appendix that present the Model AOS-165 transport package
results under Normal conditions of transport, for Load Cases 101 through 106. Each table provides a list of
temperatures at each monitoring node. Also listed are the maximum temperatures within each transport
package component. '

Table 3-65 lists the temperature monitoring points (nodes) for the Model AOS-165 transport package,
under Normal and Hypothetical Accident (Fire) conditions of transport. Figure 3-79 illustrates the location
of each node on the transport package, under Normal conditions.

Table 3-64. Normal Conditions of Transport Results — Model AOS-165

i, “.Deseription ‘. " . | 'ResultsTable: |~ EntireModel .| - CaskModel
100°F Ambient, Maximum Decay Heat Table 3-66 Figure 3-80 Figure 3-81
102 | 100°F Ambient, Maximum Decay Heat, Table 3-67 Figure 3-82 Figure 3-83
Maximum Insolation
103 -20°F Amble_nt, Zero Decay Heat, Table 3-68 Figure 3-84 _
Zero Insolation
104 -40°F Amble_nt, Zero Decay Heat, Table 3-69 Figure 3-85 _
Zero Insolation
105 -40°F Ambient, Maximum Decay Heat Table 3-70 Figure 3-86 Figure 3-87
106 -20°F Ambient, Maximum Decay Heat Table 3-71 Figure 3-88 Figure 3-89
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Table 3-65. Temperature Monitoring Points, All Conditions of Transport — Model AOS-165 ‘

T AL LiBRA Modal Nodal Number
Nodai Location’, " .\ [ " Normal Conditions - .| . " FireConditions
1 5001 5001
2 4532 4532
3 4227 _ 4227
4 4752 4752
5 4838 : 4838
6 4995 4995
7 3309 : 3309
8 3419 3419
9 678 678
10 2537 2537
11 1888 _ 1888
12 583 583
13 3001 3001
14 3148 3148
15 7533 7533
16 7377 7377
17 7371 7371
18 6942 6942 ’ '
19 6267 ) 6267
20 . 6121 6121
21 6001 6001
22 9501 15481
23 : 9950 16630
24 10014 16694 .
25 10781 18111
26 9091 1153
27 8463 9785
28 8462 9571
29 8197 8197
30 9711 15451
31 9821 15961
32 10158 17032
33 10605 17743
34 9102 11051
35 8578 9900
36 . 8225 8673
37 8001 8225 ‘
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Figure 3-79. Selected Nodal Locations for Normal Conditions of Transport — Model AOS-165
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Table 3-66. Load Case 101 ~ 100°F Ambient, Maximum Decay Heat ~ Model AOS-1 65

Location

3-210

WO~ oUW
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N oyl WP O WO NOUER WD R O WO NOU R WN R O W

Node
5001
4532
4227
4752
4838
4995
3309
3419
678
2537
1888
583
3001
3148
7533
7377
7371
6942
6267
6121
6001
9501
9950
10014
10781
9091
8463
8462
8197
9711
9821
10158
10605
9102
8578
8225
8001

Temp (C) Temp (F)
358.78 677.80
329.61 625.30
344.78 652.60
315.28 599.50
283.89 543.00
282.83 541.10
290.11 554.20
283.00 541.40
281.39 538.50
267.72 513.90
243 .28 469.90
268.61 515.50
287.89 550.20
279.78 535.60
301.67 575.00
307.44 585.40
292.50 558.50
293.56 560.40
292.39 558.30
296.28 565.30
291.33 556.40
289.78 553.60
273.78 524.80
270.17 518.30
168.44 335.20
168.56 335.40
270.33 518.60
274 .50 526.10
287.56 549.60

42.06 107.70
38.50 101.30
38.33 101.00
39.61 103.30
39.61 103.30
38.33 101.00
38.50 101.30
42.06 107.70
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Component
Outside Shell
Bottom Plate
Lid

Shell Cavity
Plug

Tungsten Alloy
LAST-A-FOAM

Maximum Component Temperatures

Node

606
3120
3233
4227
5001
7377
9501

.8400E+02
.8917E+02
.9122E+02
.4478E+02
.5878E+02
.0744E+02
.8978E+02
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.4320E+02
.5250E+02
.5620E+02
.5260E+02
.7780E+02
.8540E+02
.5360E+02

3-211



VECTOR 1
MIN: 1.0101E+02
MAX: B 777SE+0Z

1 0101E+02
1. Z160E+02
1 4220E+02
1 B280E+02
B340E +02
Q4O0E +02
24ESE+02
YS19E+02
E579E+02
B639E +02
OBI9E +02
2758E+02
4818E+02
B87VBE+02
B8936E+02
09SBE+02
3057E+02
S117E+02
TATVEO2
9237E+02
1297E+02
3357E+02
SH1BE+02
TY7EE 02
9536E+02
1596E+02
3656E +02
SVISE+02
TT7SE+02

L

(i

OO NN FEFFEFEFEEFOUOOOLOBNNNNN

Figure 3-80. Load Case 101 — 100°F Ambient, Maximum Decay Heat, Entire Model — Model AOS-165
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VECTOR 1
MIN: 4. EB987E+02
MAX: B.777SE+02

B987E+02
7V29E+02
8472E+02
S214E+02
S957E+O2
QEITE+02
1444E+02
2184E+02
2926E+02
IEETE+02
Y411E +02
S454E+02
S8SEE +02
BE3ZE+02
73B1E+OZ
B123E+02
B8866E+02
9B0BE +02
QIGAE+02
1093E +02
1836E+02
2578E+02
3320E+02
YOE3E +02
Y4BOSE+02
SE4YBE+02
B230E +02
7033E+02
TT7EE+02

P =

Figure 3-81. Load Case 101 — 100°F Ambient, Maximum Decay Heat, Cask Model — Model AOS-165
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Table 3-67. Load Case 102 — 100°F Ambient, Maximum Decay Heat, Maximum Insolation —

Model AOS-165

Location

3-214

W 1 O Ul bW
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Node
5001
4532
4227
4752
4838
4995
3309
3419
678
2537
1888
583
-3001
3148
7533
7377
7371
6942
6267
6121
6001
9501
9950
10014
10781
9091
8463
8462
8197
9711
9821
10158
10605
9102
8578
8225
8001

Tenp (C) Temp (F)
379.22 714.60
350.50 662.90
365.67 690.20
336.44 637.60
305.44 581.80
304.44 580.00
311.56 592,80
304.61 580.30
303.06 577.50
289.44 553.00
265.72 510.30
290.28 554.50
309.39 588.90
301.39 574.50
322.72 612.90
328.50 623.30
314.06 597.30
315.22 599.40
313.94 597.10
317.72 603.90
312.83 595.10
311.28 592.30
295.61 564.10
292.28 558.10
189.50 373.10
189.61 373.30
292.44 558.40
296.28 565.30
309.11 588.40

65.83 150.50
80.22 176.40
75.78 168.40
68.39 155.10
68.39 155.10
75.78 168.40
80.22 176.40
65.83 150.50
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Maximum Component Temperatures

Componeht Node_1 Node_2 Node Max_

Outside Shell 101 2894 606 3
Bottom Plate 3001 3232 3120 3
Lid 3233 3424 3233 3
Shell Cavity 4001 4998 4227 3.
Plug 5001 5404 5001 3
Tungsten Alloy 6001 7656 7377 3
LAST-A-FOAM 8001 10791 9501 3

.0556E+02
.1067E+02
.1267E+02

6567E+02

.7922E+02
.2850E+02
.1128E+02
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.8200E+02
.9120E+02
.9480E+02
.9020E+02
.1460E+02
.2330E+02
.9230E+02
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VECTOR 4
MIN: 1. 5038E+02
MAX 7 AHEYE+OZ

1.5038E+02
1.7053E+02
1. S0BBE+02
2 1083E+02
2.3098E+02
2 S144E+02
2 7129E+02
2. S144E+02
3 1159 +02
3 3175E+02
3 5190 +02
3 7205E+02
3. 9220102
4 1235E+02
4. 3251E+02
4 52BBE+02
4 72B1Ev02
Y 929BE+02
5.1312E+02
5 3327E+02
5. 5342E+02
5 7357E+02
5.9372E+02
B 1388E+02
6 3403E+02
B SH1BE+02
6 7433E+02
6. GH4SE+0Z
7 14E4ErOZ

v

L

Figure 3-82. Load Case 102 — 100°F Ambient, Maximum Decay Heat, Maximum Insolation, ‘
Entire Model — Model AOS-165
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VECTOR 1
MIN: 5,1027E+02
MAX: 7 14BYHE+02

1027E+02
1756E+02
248BE+02
321BE +02
3S4EE+02
4YE7EE+02
SHOBE +02
B136E+02
E8EBE+02
TS9BE+02
B326E+02
SOSCE+02
97B5E+02
QS15E+02
1245E+02
197502
2Z70S5E+02
IYIGE+02
Y165E +02
4895k ~02
S625E+02
E3CHE~0Z
TOBME +02
7BIHEYO2
BEHUE +02
S27HE 02
QOR4E +02
Q734E+02
14E4E 02

™ -

Figure 3-83. Load Case 102 — 100°F Ambient, Maximum Decay Heat, Maximum Insolation,
Cask Model — Model AOS-165
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Table 3-68. Load Case 103 — -20°F Ambient, Zero Decay Heat, Zero Insolation — Model AOS-165

Location

3-218
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Node

. 5001

4532
4227
4752
4838
4995
3309
3419
678
2537
1888
583
3001
3148
7533
7377
7371
6942
6267
6121
6001
9501
9950
10014
10781
9091
8463
8462
8197
9711
9821
10158
10605
9102
8578
8225
8001

Temp (C) Temp (F)
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
~28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 -20.00
-28.89 ~-20.00
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Component
Outside Shell
Bottom Plate
Lid

Shell Cavity
Plug

Tungsten Alloy
LAST-A-FOAM

Maximum Component Temperatures

Node

101
3001
3233
4001
5001
6001
8001

.8889E+01
.8889E+01
.8889E+01
.8889E+01
.8883%E+01
.8889E+01
.8889E+01
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.0000E+01
.0000E+01
.0000E+01
.0000E+01
.0000E+01
.0000E+01
.0000E+01
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VECTOR
MIN:-2
MAax: -2

T RS
NNNNNNN

T
NNN

0 g
NNMNNNNNNN

(e
NN

NNNNN

1

1
VOOVE +01.
QOORE+01

QQQVE +01
QOQOE +01
OOROE+a1
QOORE +@1
QROOE +01
QOVRE +01
QROOE +01
QOROE+01
QOROE+@1
QOORE +01
QOOOE +01
QOORE+01
QOORE+0L
Q0QOE +01.
QROVE +01
QROOE+@1
QROOE+G1
QOOOE +&1
QOROE +01
QOQROE +01
QOQRE +@1
QOOOE+@1
200¢

E+01

QORRE +01
QOOOE+OL

-2 QOOOE +01

3-220

QQQOE +&1
QOORE+@1

Figure 3-84. Load Case 103 —-20°F Ambient, Zero Decay Heat, Zero Insolation,

Entire Model — Model AOS-165
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Table 3-69. Load Case 104 —-40°F Ambient, Zero Decay Heat, Zero Insolation — Model AOS-165

Location Node Temp (C) Temp (F)
1 5001 -40.00 -40.00
2 4532 -40.00 -40.00
3 4227 -40.00 -40.00
4 4752 -40.00 -40.00
5 4838 -40.00 -40.00
6 4995 -40.00 -40.00
7 3309 -40.00 -40.00
8 3419 -40.00 -40.00
9 678 -40.00 -40.00

10 2537 -40.00 -40.00
11 1888 : -40.00 -40.00
12 583 -40.00 -40.00
13 3001 -40.00 -40.00
14 3148 -40.00 -40.00
15 7533 -40.00 -40.00
16 7377 -40.00 -40.00
17 7371 -40.00 -40.00
18 6942 -40.00 -40.00
19 6267 -40.00 -40.00
20 6121 -40.00 -40.00
21 6001 -40.00 -40.00
‘ 22 9501 ~40.00 ~40.00
23 9950 -40.00 -40.00
24 10014 -40.00 -40.00
25 10781 -40.00 -40.00
26 9091 -40.00 -40.00
27 8463 -40.00 -40.00
28 8462 -40.00 -40.00
29 8197 =40.00 -40.00
30 9711 -40.00 -40.00
31 9821 -40.00 ~-40.00
32 10158 -40.00 -40.00
33 10605 -40.00 -40.00
34 9102 -40.00 -40.00
35 8578 -40.00 -40.00
36 8225 -40.00 -40.00
37 8001 -40.00 -40.00
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Component
Outside Shell
Bottom Plate
Lid

Shell Cavity
Plug

Tungsten Alloy
LAST-A-FOAM

3-222

Maximum Component Temperatures

Node_2 Node
2894 101
3232 3001
3424 3233
4998 4001
5404 5001
7656 6001

10791 8001
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.0000E+01
.0000E+01
.0000E+01
.0000E+01
.0000E+01
.0000E+01
.0000E+01

Max_Temp (F)

.0000E+01
.0000E+01
.0000E+01
.0000E+01
.0000E+01
.0000E+01
.0000E+01



VECTOR 1
MIN' -4 OQOOE+Q1
MAX - -4 . 00OOE +01

QRRRE+O1
Q0ROE +21
QOOOE+01
QOOVE+0L
Q00OE +01
QQROE +01.
QOOE +01

QOQOE+01

QOORE +@1
QOARE +01
QOQVE+0L
-4 QOQOE +01

-4 Q0RQE+01

-4 QOQOE

-4 QOEQE+@1
-4 QOROE+01
-4 . Q00QE +01
-4 P0OOE +01
-4 Q000E

Figure 3-85. Load Case 104 — -40°F Ambient, Zero Decay Heat, Zero Insolation,

Entire Model — Model AOS-165
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Table 3-70. Load Case 105 — -40°F Ambient, Maximum Decay Heat — Model AOS-165

Location

3-224
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Node
5001
4532
4227
4752
4838
4995
3309
3419
678
2537
1888
583
3001
3148
7533
7377
7371
6942
6267
6121
6001
9501
9950
10014
10781
9091
8463
8462
8197
9711
9821
10158
10605
9102
8578
8225
8001

Temp (C) Temp (F)
292.44 558.40
261.89 503.40
277.11 530.80
246 .56 475.80
213.56 416.40
212.39 414.30
220.17 428.30
212.56 414.60
210.83 411.50
196.50 385.70
169.94 337.90
197.56 387.60
217.83 424 .10
209.22 408.60
233.17 451.70
239.00 462.20
222.17 431.90
223.06 433.50
222.00 431.60
226.39 439.50
221.28 430.30
219.83 427.70
202.67 396.80
198.11 388.60

89.06 192.30

89.11 192.40
198.28 388.90
203.56 398.40
217.50 423 .50
-35.51 -31.91
-39.09 -38.36
-39.38 -38.89
-38.22 -36.79
-38.22 -36.79
-39.38 -38.89
-39.09 -38.36
-35.52 -31.94
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Component
Outside Shell
Bottom Plate
Lid

Shell Cavity
Plug

Tungsten Alloy
LAST-A-FOAM

Maximum Component Temperatures

Node

606
3120
3233
4227
5001
7377
9501

.1367E+02
.1917E+02
.2139E+02
J7711E+02
.9244E+02
.3900E+02
.1983E+02
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.1660E+02
.2650E+02
.3050E+02
.3080E+02
.5840E+02
.6220E+02
.2770E+02
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VECTOR: 1
MIN: -2 . 8892E+01
MAX: § 5837E+02

'
w

889ZE+01
SE1E+01L
TESSE +0@
S100E+01.
B431E+01
TPBZE+01
S082E+01
104ZE+02
317SE+02Z
S308E +02
TYUZE+02
9575E+02
1708E+02
3BY1E +02
SITHE+02
B1OTE+0O2
BZY4RE+02
2373E+02
Y50EE +02
EB639E+02
BY72E+02
QI0SE+02
303BE +02
S171E+02
T30SE+02
S42BE+02
1571E+02
I7QHE+OZ
5B3VE+02

L

v
[is

NMUNEFEFFFOUWUWWWUNNNNPBPPRPEPRPRPODEN®

Figure 3-86. Load Case 105 - -40°F Ambient, Maximum Decay Heat, Entire Model — Model AOS-165
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VECTOR 1
MIN:3.3792E+02
MAX: 5 S5837E+02

3792E+02
Y579E+02
5367E+02
B154HE+02
BS41E+02
T729E02
8516E+02
9303E+02
QOILE+02
0B7BE+02
1B65E +02
2453E+02
3240E+02
YO27E+02
YE14E+02
SEOZE +02
6389E+02
7476E+02
TIEUE +0OZ
8751E+02
953BE+02
Q3Z6E+02
1413E +02
1900E+02
2688E+02
34T7SE+02
Y2EZE+02
S050E+02
S83TE+0Z

i -

Figure 3-87. Load Case 105 —-40°F Ambient, Maximum Decay Heat, Cask Model — Model AOS-165
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Table 3-71. Load Case 106 - -20°F Ambient, Maximum Decay Heat — Model AOS-165

Location

3-228
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Node
5001
4532
4227
4752
4838
4995
3309
3419
678
2537
1888
583
3001
3148
7533
7377
7371
6942
6267
6121
6001
9501
9950
10014
10781
9091
8463
8462
8197
9711
9821
10158
10605
9102
8578
8225
8001

Temp (C) Temp (F)
303.00 577.40
272.72 522.90
287.89 550.20
257.56 495.60
224.78 436.60
223.61 434 .50
231.28 448 .30
223.78 434.80
222.11 431.80
207.83 406.10
181.67 359.00
208.89 408.00
228.94 444.10
220.44 428.80
244.06 471.30
249.94 481.90
233.39 452.10
234 .33 453.80
233.22 451.80
237.50 459.50
232.44 450.40
230.94 447 .70
214.00 417.20
209.61 4059.30
101.50 214.70
101.61 214.90
209.78 409.60
214.89 418.80
228.67 443 .60
-24.48 -12.06
-27.97 -18.35
-28.26 -18.86
-27.08 -16.74
-27.08 -16.74
-28.26 -18.86
-27.97 -18.35
~-24.49 -12.09
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Component
Outside Shell
Bottom Plate
Lid

Shell Cavity
Plug

Tungsten Alloy
LAST~-A-FOAM

Maximum Component Temperatures

Node

606
3120
3233
4227
5001
7377
9501

.2489E+02
.3033E+02
.3250E+02
.8789E+02
.0300E+02
.4994E+02
.3094E+02
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.3680E+02
.4660E+02
.5050E+02
.5020E+02
.7740E+02
.8190E+02
.4770E+02
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VECTOR

1

MIN: -1.8857E+01
MAX - 5. 7TTHOE+02

NNV FFFEFOLODODWUONNNNPPPPPEPDONDENRNE PR

8857E+01
4380E +00
3733E+01
5028E+01
B323E+01
TE1BE+Q1
0831E+02
3021E+02
S150E+02
T2B0E +02
S4QIE +02
1539E+02
3668E+02
S798E+02
7927E02
QOSTE+02
2186E+02
4316k +02
BY4CE +02
B575E+02
Q704E+02
2834E+02
Y9E3E +02
7O33E+02
9222E+02
1352E+02
3HB1E+02
SB14E +02
TPHOE+02

Figure 3-88. Load Case 106 — -20°F Ambient, Maximum Decay Heat, Entire Model — Model AOS-165
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VECTOR 1
MIN: 3.5900E+02
MAX 5 T7HOE+02

S300E +02
EE80E +02
THEOE+02
B8240E +02
S020E +02
SB00E +02
QSB0E +02
1360E+02
2140E+02
2820E «02
3700E +0Z
Y4BOE +02
5260E+02
EO4OE +02
B820E +02
TEORE +02
B8380E+02
S160E +02
9IHOE +02
0720E+02
1500E +02
2280E+02
3060E +02
3B40E +02
YB2Z0E +02
SHOQE +02
51B80E +02
ESEOE +02
TTYOE+02

& L

Figure 3-89. Load Case 106 — -20°F Ambient, Maximum Decay Heat, Cask Model — Model AOS-165
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3.5.2 Hypothetical Accident Conditions of Transport Results

. This appendix presents the following:

» Hypothetical Accident Conditions of Transport Results — Model AOS-025
* Hypothetical Accident Conditions of Transport Results — Model AOS-050
¢ Hypothetical Accident Conditions of Transport Results — Model AOS-165

AOS Radioactive Material Transport Packaging System Safety Analysis Report 3-233
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3.5.2.1 Hypothetical Accident Conditions of Transport Results — Model AOS-025

Table 3-72 lists the tables and figures in this appendix that present the Model AOS-025 transport package
results under Hypothetical Accident conditions of transport, for Load Cases 111 through 116. Each table
provides a list of temperatures at each monitoring node. Also listed are the maximum temperatures within

each transport package component,

Table 3-73 lists the temperature monitoring points (nodes) for the Model AOS-025 transport package,
under Normal and Hypothetical Accident (Fire) conditions of transport. Figure 3-90 illustrates the location

of each node on the transport package, under Fire conditions.

Table 3-72, Hypothetical Accident Conditions of Transport Results — Model AOS-025

Case

' Load

~ Description’ © -

| Resuits Table

Temperature |
"versus Time

i Entire.Médel:“‘

Cask Model -~

111

Fire at 30 Minutes,

1,475°F Ambient,
Maximum Decay Heat

Table 3-74

Figure 3-91

Figure 3-92

Figure 3-93

112

Fire at 60 Minutes, 100°F,
Maximum Decay Heat,
Maximum Insolation

Table 3-75

Figure 3-94

Figure 3-95

113

Fire at 90 Minutes, 100°F,
Maximum Decay Heat,
Maximum Insolation

Table 3-76

Figure 3-96

Figure 3-97

114

Fire at 120 Minutes, 100°F,
Maximum Decay Heat,
Maximum Insolation

Table 3-77

Figure 3-98

Figure 3-99

115

Fire at 150 Minutes, 100°F
Maximum Decay Heat,
Maximum Insolation

Table 3-78

Figure 3-100

Figure 3-101

116

Fire at 180 Minutes, 100°F
Maximum Decay Heat,
Maximum Insolation

’

Table 3-79

Figure 3-102

Figure 3-103
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‘ Table 3-73. Temperature Monitoring Points, All Conditions of Transport — Model AOS-025

1

2

3

4

5

6

7

8

9

10

11

12

13

14 3148

15 7533

16 7377
. 17 7371

18 6942

19 6267

20 6121

21 6001

22 9501

23 9950

24 10014

25 10781

26 9091

27 8463

28 8462

29 8197

30 9711

31 9821

32 10158

33 10605

34 9102

35 8578
‘ 36 8225

37 /8001
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Figure 3-90. Selected Nodal Locations for Fire Conditions of Transport — Model AOS-025

3-236 AOS Radioactive Material Transport Packaging System Safety Analysis Report
for Model AOS-025, AOS-050, and AOS-100 Transport Packages, Rev. C




Table 3-74. Load Case 111 — Fire at 30 Minutes, 1,475°F Ambient, Maximum Decay Heat -

Model A0S-025

Location

W N oUW

w Ww W w w NN NDDNDNDMNDNDMNNDNRERPRPRRPRRPRRPR R PR PP
B W NP O WO 30U & WhEFE O WwWOoo ~Jou xWw P OW

35
36
37

AOS Radioactive Material Transport Packaging System Safety Analysis Report
for Model AOS-025, AOS-050, and AOS-100 Transport Packages, Rev. C

Node
5001
4532
4227
4752
4838
4995
3309

3419.

678
2537
1888

583
3001
3148
7533
7377
7371
6942
6267
6121
6001

11481
12630
12694
13804
10926
9791
9577
8197
11451
11961
13022
13551
10673
9906
8673
8225
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Component
Outside Shell
Bottom Plate
Lid

Shell Cavity
Plug

Tungsten Alloy
LAST-A-~FOAM

3-238

Maximum Component Temperatures

Node_2 Node
2894 1767
" 3232 3148
3424 3360
4998 4437
5404 5012
7656 6740
15086 11881

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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.4883E+02
.1839E+02
.0889E+02
.2656E+02
.1317E+02
.2739E+02
.9722E+02

.9990E+02
.4510E+02
.2800E+02
.5980E+02
.3570E+02
.6130E+02
.4670E+03
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Figure 3-91. Load Case 111 - Fire at 30 Minutes, 1,475°F Ambient, Maximum Decay Heat,
Temperature versus Time — Model AOS-025
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VECTOR &
MIN: 1.7872E+02
MAX: 1 YE73E+03

7B72E+02
2474E+02
TO7EE+02
1678E+02
B280E +02
0B8ZE+02
SUBYE +02
QOSEE+02
4E8BE+02
9Z90E+02
3832E +02
BYSHE+02
3097E+02
TESSE +02
2301E+02
6303E+02
1505E+02
B107E +02
QO71E+03
Q531E+03
0931E+03
1452E+03
191 2E+03
2372E+03
2B832E+03
3292E+03
IVSIE+O3
Y213 +03
Ye7IE+03

L

PPPPPPPPPPPOVODODN~NOOONUNEEFOBONNEPR

Figure 3-92. Load Case 111 - Fire at 30 Minutes, 1,475°F Ambient, Maximum Decay Heat,

3-240

Entire Model — Model AOS-025
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VECTOR 1
MIN: 2. 2350E+02
MAX: 2. 9SSHE+02Z

2350E+02
2B23E+02
2836E+02
3169E+02
344 ZE+02
3MSE+02
398BE+02
Y261E+02
YS3HE+D2
YB0T7E+02
SO8E+02Z
S353E+02
SEZEE+02
SB89%E +02
B172E+02
BHUCE +02
E718E+02
E981E+02
TZ2E4E 02
7537E+02
TB10E+02Z
BOS3E+0Z
B8356E+02
BB29E+02
BI0ZE+02
S175E+02
S44BE+02
9721E+02
2. 9984E+02

NNNMNNNNNNNNRNNNNNNMNNNNNNNNNNNN

v

# L

Figure 3-93. Load Case 111 - Fire at 30 Minutes, 1,475°F Ambient, Maximum Decay Heat,
Cask Model — Model AOS-025
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Table 3-75. Load Case 112 - Fire at 60 Minutes, 100°F, Maximum Decay Heat,
Maximum. Insolation — Model AOS-025

Location

3-242

0~ oUW N
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35
36
37

Node
5001
4532
4227
4752
4838
4995
3309
3419
678
2537
1888
583
3001
3148
7533
7377
7371
6942
6267
6121
6001
11481
12630
12694
13804
10926
9791
9577
8197
11451
11961
13022
13551
10673
9906
8673
8225

Temp (C) Temp (F)
138.11 280.60
141.72 287.10
141.94 287.50
138.94 282.10
138.50 281.30
137.78 280.00
136.22 277.20
137.28 279.10
141.61 286.90
139.94 283.90
143.06 289.50
143.28 289.90
140.11 284.20
141.56 286.80
136.22 277.20
136.33 277.40
140.22 284.40
141.39 286.50
141.94 287.50
140.94 285.70
140.83 285.50
136.44 277.60
143.17 289.70
146.78 296.20
151.28 304.30
158.11 316.60
149.67 301.40
144 .94 292.90
139.67 283.40
135.61 276.10
132.89 271.20
144 .44 292.00
154.33 309.80
159.78 319.60
139.33 282.80
113.33 236.00
102.67 216.80
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Component
Outside Shell
Bottom Plate
Lid

Shell Cavity
Plug
Tungsten
LAST-A-FOAM

Maximum Component Temperatures

Node
2807
3016
3309
4747
5001
7377
10045

.4850E+02
.4756E+02
.4883E+02
.4850E+02
.4933E+02
.4856E+02
.0106E+02
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.9930E+02
.9760E+02
.9990E+02
.9930E+02
.0080E+02
.9940E+02
.7390E+02
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VECTOR 1
MIN: 2.1678E+02
MAX: 5.7387E+02

167B8E+02
2953E+02
4228E+02
SEOYE +02
B77SE+02
BOSHE +02
S330E+02
QBOSE+02
1880E+02
3156E+02
Y431E+02
5707E+02
6982E+02
8257E+02
S533E+02
0BOBE+02
2083E+02
3355E+02
4YE34E+02
S59@SE +02
7A85E 02
BY4EQE +02
9735E+02
1011E+02
228BE+02
35E1E+02
4837E+02
E142E +02
73BTE+02

-

muununnmnFFFEFFEFFEFFFEFFAFOUOUGGOLWWLNRNRNRNENNRN

Figure 3-94. Load Case 112 — Fire at 60 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation, Entire Model - Model AOS-025
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VECTOR -

MIN: 2
MAX: 2

NNNNRNNNNNNNNNNNNNNNNNNNNNNDRN

NN

1
TE91E +02
S@7IE+02

7ES1E+02
TPHIE+02
TTI0E+02
TBYOE+02
7B30E+02
T939E 02
7S8SE+02
B803BE+0Z
BOBBE+02
B1ZVE+R2
B8187E+02
8236E+0Z
B8286E+02
B833BE+02
B38SE+O2
843CE+02
B4B4E+0Z
8534E+02
B583E+02
BE33E+02
BEB3E+02
B732E+02
B7B2E +02
BB31E+02
8881E+02
9930E+02
BIE0E +02
S030E +02
S079E+02

L
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Figure 3-95. Load Case 112 - Fire at 60 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation, Cask Model - Model AOS-025
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Table 3-76. Load Case 113 — Fire at 90 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation — Model AOS-025

Location

3-246
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35
36
37

Node
5001
4532
4227
4752
4838
4995
3309
3419
678
2537
1888
583
3001
3148
7533
7377
7371
6942
6267
6121
6001
11481
12630
12694
13804
10926
9791
9577
8197
11451
11961
13022
13551
10673
9906
8673
8225

Temp (C) Temp (F)
147.28 297.10
146.89 296.40
146.94 296.50
146.72 296.10
146.56 295.80
146.67 296.00
146.94 296.50
147.00 296.60
146.39 295.50
146.89 296.40
146.28 295.30
146.56 295.80
145.89 294 .60
146.33 295.40
146.39 295.50
146.44 295.60
146.56 295.80
146.44 295.60
146.39 295.50
146.17 295.10
146.11 295.00
147.39 297.30
149.33 300.80
150.28 302.50
150.06 302.10
147.94 298.30
149.56 301.20
148.11 298.60
145.72 294.30
110.06 230.10
107.78 226.00
111.56 232.80
115.83 240.50
120.72 249.30

98.72 209.70
78.67 173.60
75.00 167.00

AOS Radioactive Material Transport Packaging System Safety Analysis Report
for Model AOS-025, AOS-050, and AOS-100 Transport Packages, Rev. C



Component

Bottom Plate
Lid

. Shell Cavity

Plug
Tungsten
LAST-A-FOAM

Maximum Component Temperatures

Node
2807
3016
3309
4747
5001
7377
10045

.4850E+02
.4756E+02
.4883E+02
.4850E+02
.4933E+02
.4856E+02
.0106E+02
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.9930E+02
.9760E+02
.9990E+02
.9930E+02
.0080E+02
.9940E+02
.7390E+02
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VECTOR
MIN: 1
MAX Y4

1
1
1
1
2

WowwwwwwouwwNnNNNNNNNNNN

£ F £ F£ W

z
E636E+02
2934E+02

BE3BE+02
7E33E+02
B570E+02
9507E+02
QHUYE +02
1381E+02
2318E+02
3255E+02
44193E +02
S130E+02
BOBTE+02
TOOHE +02
TOH1E+02
8878E+02
SB15E+02
QVSZE 02
168SE+02
2626E+02
BSEHE+O2
YS01E +02
S43BE+02
E6375E+02
TI12E+02
B249E+02
9186E+02
0123E+02
10E0E+02
1837E+02
2934E +02

L
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Figure 3-96. Load Case 113 — Fire at 90 Minutes, 100°F, Maximum Decay Heat,

Maximum Insolation, Entire Model — Model AOS-025
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VECTOR

MIN: 2.

MAaxX: 2

NNNNNNNNNNNNNNNONNNRNNNRNNNNNNNNNN

2
SHEOE+02
9713E+02

S4EQE+02
S4E9E+02
S47BE+02
SHB7E+02
S49BE +02
9505E +02
SS14E+02
9523E+02
S5S3ZE+02
SEH1E +02
9550E +02
9553E+02
9568E+02
957VE02
9586E +02
9595E+02
SEOHE+0Z
SB13E+02
9B22E+02
9631E+02
SE4OE +02
SE4SE+02
SE58E+02
96E7E+02
SEV7E+0Z
SBE8EE+02
SE69SE +02
S7QUE +02
97143E+02

.

Figure 3-97. Load Case 113 - Fire at 90 Minutes, 100°F, Maximum Decay Heat,

Maximum Insolation, Cask Model — Model AOS-025
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Table 3-77. Load Case 114 - Fire at 120 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation — Model A0S-025

Location

3-250
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35
36
37

Node
5001
4532
4227
4752
4838
4995
3309
3419
678
2537
1888
583
3001
3148
7533
7377
7371
6942
6267
6121
6001
11481
12630

12694

13804
10926
9791
9577
8197
11451
11961
13022
13551
10673
9906
8673
8225

Temp (C) Temp (F)
149.33 300.80
148.17 298.70
148.39 299.10
148.50 299.30
148.17 298.70
148.33 299.00
148.83 299.90
148.67 299.60
147.61 297.70
148.11 298.60
147.00 296.60
147.28 297.10
147.50 297.50
147.56 297.60
148.56 299.40
148.56 299.40
148.00 298.40
147.72 297.90
147.61 297.70
147.61 297.70
147.61 297.70
149.11 300.40
149.06 300.30
149.00 300.20
147.89 298.20
144 .06 291.30
148.17 298.70
148.17 298.70
147.39 297.30
101.67 215.00

99.44 211.00
99.78 211.60
101.89 215.40
107.50 225.50
83.89 183.00
66.56 151.80
65.44 149.80
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Component
Outside Shell
Bottom Plate
Lid

Shell Cavity
Plug

Tungsten
LAST-A-FOAM

Maximum Component Temperatures

Node
2807
3016
3309
4747
5001
7377
10045

Max_Temnmp (C)

.4850E+02
.4756E+02
.4883E+02
.4850E+02
.4933E+02
.4856E+02
.0106E+02
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.9930E+02
.9760E+02
.9990E+02
.9930E+02
.0080E+02
.9940E+02
.7390E+02
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VECTOR 3

MIN
MAax

3-252

1.4983E+02
3 BOSSE+02

1:4983E+02
1.5735E +02
1 BY4BBE+0Z
1. 7240E+Q2
1.73993E+02
874BE+02
S49BE+02
Q251E+02
1003E +02
1756E +02
2508E +02
3261E+02
HYO14E+02
Y7E6E +02
S519E+02
B271E+02Z
TO24E+02
TITEE+02
8529 +02
9282E +02
DOSHE+0Z
Q7BVE+0Z
1533E+02
22382E+02
304YE+02
379TE+02
YS50E +02
S302E+02
BOSSE+0Z

L
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Figure 3-98. Load Case 114 - Fire at 120 Minutes, 100°F, Maximum Decay Heat,

Maximum Insolation, Entire Model - Model AOS-025
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VECTOR 3
MIN: 2.9595E+02
MAX 3 0OB0E+02

9585 +02
9613E+02
9630E+02
SE47E+02
SBEYE +02
SB8ZE+02
SESSE +02
SviBE+02
S7SUE+02
GTSIE«02
S7EBE+02
97BBE+02
SB03E+02
9B20E +02
S83BE+02
o855E+02
9872E+02
S890E+02
9907E+02
S924E +02
994 2E+02
9959E +02
S976E +02
S984E+~02
QO11E+02
Q02BE+02
Qo4EE+0Z
QRBIE+02
Q080E+02

# -
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Figure 3-99. Load Case 114 - Fire at 120 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation, Cask Model — Model AOS-025
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Table 3-78. Load Case 115 — Fire at 150 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation — Model AOS-025

Location

3-254
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35
36
37

Node
5001
4532
4227
4752
4838
4995
3309
3419
678
2537
1888
583
3001
3148
7533
7377
7371
6942
6267
6121
6001
11481
12630
12694
13804
10926
9791
9577
8197
11451
11961
13022
13551
10673
9906
8673
8225

Temp (C) Tenmp (F)
148.89 300.00
147.67 297.80
148.00 298.40
148.00 298.40
147.61 297.70
147 .72 297.90
148.11 298.60
147.89 298.20
147.06 296.70
147.39 297.30
146.33 295.40
146.61 295.90
147.11 296.80
147 .06 296.70
148.06 298.50
148.11 298.60
147 .44 297.40
147.22 297.00
147.11 296.80
147.28 297.10
147.22 297.00
148.22 298.80
147.50 297.50
147 .11 296.80
145.89 294 .60
141.72 287.10
146.39 295.50
146.94 296.50
147.06 296.70

97.50 207.50
95.50 203.90
94 .56 202.20
96.00 204.80
102.00 215.60
76.67 170.00 "
60.56 141.00
60.67 141.20
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Component
Outside Shell
Bottom Plate
Lid

Shell Cavity
Plug
Tungsten
LAST-A-FOAM

Maximum Component Temperatures

Node
2807
3016
3309
4747
5001
7377
10045

Max_Temp (C)
.4850E+02
.4756E+02
.4883E+02
.4850E+02
.4933E+02
.4856E+02
.0106E+02
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Max_Temp (F)
.9930E+02
.9760E+02
.9990E+02
.9930E+02
.0080E+02
.9940E+02
.7390E+02
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VECTOR 4
MIN: 1.4037E+02
MAX: 3.1850E+02

3-256

1 .4037E+02
1:4E7IE+02
1 530SE+02
1. 5S946E+02
1.6582E+02
1.7218E+02
1 . 7854E+02
1 B4SRE+02
1 9126E+02
1.9763E+02
2. 0399 +02
1035E+02
1E71E+02
2307E+02
2943E+02
SE80E+02
Y21EE+02
4852E+02
S48BE +02
6124E+02
E761E+02
T3GTE+OZ
B8033E+02
BEBIE +02
930SE+02
S41E+02Z
OSTEE+02
1214€+02
1850E+02

L
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Figure 3-100. Load Case 115 — Fire at 150 Minutes, 100°F, Maximum Decay Heat,

Maximum Insolation, Entire Model — Model AOS-025
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VECTOR 4
MIN® 2. S466E+02
MAX: 3 0003E+02

S4BBE +02
S4E8SE +02
SSQUE+02
9523E+02
9S43E +02
9562E +02
95B1E+02
SEQRE+02
SB19E+02
SBISE +02
9B56E +02
SETVE+0Z
SESEE+02
gv45E+02
S734E+02
S7SHE+O2
9773E+02
9792E+02
SB11E 02
S830E+02
9850E +02
98E9E ~02
9B888E +02
9907E+02
9326E+02
S9UEE+02
99ESE +02
SIBYE +02
QOOZE+02

@ L

Figure 3-101. Load Case 115 - Fire at 150 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation, Cask Model — Model AOS-025
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Table 3-79. Load Case 116 - Fire at 180 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation — Model A0S-025

Location

3-258
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35
36
37

Node
5001
4532
4227
4752
4838
4995
3309
3419
678
2537
1888
583
3001
3148
7533
7377
7371
6942
6267
6121
6001
11481
12630
12694
13804
10926
9791
9577
8197
11451
11961
13022
13551
10673
9906
8673
8225

Temp (C) Temp (F)
147.61 297.70
146.39 295.50
146.72 296.10
146.67 296.00
146.28 295.30
146.33 295.40
146.56 295.80
146.39 295.50
145.78 294 .40
145.94 294.70
145.00 293.00
145.28 293.50
145.83 294.50
145.67 294.20
146.72 296.10
146.78 296.20
146.17 295.10
145.94 294.70
145.83 294 .50
146.00 294.80
146.00 294.80
146.61 295.90
145.67 294 .20
145.11 293.20
144.00 291.20
139.83 283.70
144.44 292.00
145.17 293.30
145.72 294.30

95.17 203.30
93.33 200.00
92.11 197.80
93.33 200.00
99.33 210.80
72.61 162.70
57.06 134.70
57.61 135.70
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Component
Outside Shell
Bottom Plate
Lid

Shell Cavity
Plug
Tungsten
LAST-A-FOAM

Maximum Component Temperatures

Node
2807
3016
3309
4747
5001
7377
10045

.4850E+02
.4756E+02
.4883E+02
.4850E+02
.4933E+02
.4856E+02
.0106E+02

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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Max_Temp (F)
.9930E+02
.9760E+02
.9990E+02
.9930E+02
.0080E+02
.9940E+02
.7390E+02
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VECTOR 5
MIN: 1.340SE+02
MAX : 2.9857E+02

1. 34Q9E+02
13997 +02
L HEHEHSZ2
1.5472E+02
1. 57508 +02
1.6347E+02
1. E693UE+02
1. To21E 902
1.810SE+02
1.BES6E+02
1..9284E+02
1.8871E+02
2. Q459E+0Z
2 .1046E+02
2.1633E+02
2.2221E+02
2 2808E+02
2 .3336E+02
2. 3983E+02
2.UsS?UE+02
2 S1E8E+0Z
2.5M5E~02
2.B333E+02
2 .6920E+02
2 7S0BE+02
2 B@95E+02
2 B6BZE+0z2
2 9Z70E+02
2 9B857E+02

3

Figure 3-102. Load Case 116 — Fire at 180 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation, Entire Model - Model AOS-025
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VECTOR =
MIN: 2.8224E +02
MAX: 2. S76BE+02

9224E+02
G244E+02
9263E+02
9283E+02
930ZE +02
9321E+02
S344E+02
S360E+02
9379E+02
9399E +02
941BE +02
S437E+02
SUETE+O2
476E +02
SHOSE +02
S515E+02
S534E+02
9553E+02
S57IE 02
S592E+02
SB11E+02
8631E+02
SESOE +02
9BE9E +02
9E89E +02
g708E+02
g728E+02
T4 TEOZ
97EBE 02
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Figure 3-103. Load Case 116 — Fire at 180 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation, Cask Model - Model AOS-025
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3.5.2.2 Hypothetical Accident Conditions of Transport Results — Model AOS-050

Table 3-80 lists the tables and figures in this appendix that present the Model AOS-050 transport package
results under Hypothetical Accident conditions of transport, for Load Cases 111 through 116. Each table
provides a list of temperatures at each monitoring node. Also listed are the maximum temperatures within
each transport package component.

Table 3-81 lists the temperature monitoring points (nodes) for the Model AOS-050 transport backage,
under Normal and Hypothetical Accident (Fire) conditions of transport. Figure 3-104 illustrates the location
of each node on the transport package, under Fire conditions.

Table 3-80. Hypothetical Accident Conditions of Transport Results - Model AOS-050

Load _ - . | Temperature o _
Case . Description. ‘ _ Results Table | - versus Time Entire Model. Cask Model .
Fire at 30 Minutes,
111 1,475°F Ambient, Table 3-82 Figure 3-105 Figure 3-106 Figure 3-107

Maximum Decay Heat

Fire at 60 Minutes, 100°F,
112 Maximum Decay Heat, Table 3-83 - Figure 3-108 Figure 3-109
Maximum Insolation

Fire at 90 Minutes, 100°F,
113 Maximum Decay Heat, Table 3-84 - Figure 3-110 Figure 3-111
Maximum Insolation

Fire at 120 Minutes, 100°F,
114 Maximum Decay Heat, Table 3-85 - Figure 3-112 Figure 3-113
Maximum Insolation

Fire at 150 Minutes, 100°F,
115 Maximum Decay Heat, Table 3-86 - Figure 3-114 Figure 3-115
Maximum Insolation

Fire at 180 Minutes, 100°F,
116 Maximum Decay Heat, Table 3-87 - Figure 3-116 Figure 3-117
Maximum Insolation

3-262 AOS Radioactive Material Transport Packaging System Safety Analysis Report
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Table 3-81. Temperature Monitoring Points, All Conditions of Transport - Model AOS-050

SR - " LIBRA Model Nodal Number ‘
Nodal Location . - Normal Conditions ~ | ..~ ' Fire Conditions -

1 5001 5001

2 4532 4532
3 4227 4227
4 4752 4752
5 4838 4838
6 4995 4995
7 3309 3309
8 3419 3419
9 678 678

10 2537 2537
11 1888 1888
12 583 583

13 3001 3001

14 3148 3148
15 7533 7533
16 7377 7377
17 7371 7371

18 6942 6942
19 6267 6267
20 6121 6121

21 6001 6001

22 9501 15481
23 9950 16630
24 10014 16694
25 10781 17804
26 9091 11128
27 8463 9785
28 8462 9571

29 8197 8197
30 9711 15451
31 9821 15961
32 10158 17022
33 10605 17551
34 9102 10798
35 8578 9900
36 8225 8673
37 8001 8225

AOS Radioactive Material Transport Packaging System Safety Analysis Report
for Model AOS-025, AOS-050, and AOS-100 Transport Packages, Rev. C
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Figure 3-104. Selected Nodal Locations for Fire Conditions of Transport — Model AOS-050
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Table 3-82. Load Case 111 ~ Fire at 30 Minutes, 1,475°F Ambient, Maximum Decay Heat — Model

AOS-050

Location
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Node
5001
4532
4227
4752
4838
4995
3309
3419
678
2537
1888
583
3001
3148
7533
7377
7371
6942
6267
6121
6001
15481
16630
16694
17804
11128
9785
9571
8197
15451
15961
17022
17551
10798
9900
8673
8225
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Maximum Component Temperatures

Component Node_1 Node_2 Node Max_Temp (C) Max_Temp (F)
Outside Shell 101 2894 1888 3.7422E+02 7.0560E+02
Bottom Plate 3001 3232 3148 1.4083E+02 2.8550E+02
Lid 3233 3424 3360 1.4022E+02 2.8440E+02
Shell Cavity 4001 4998 4536 2.1467E+02 4.1840E+02
Plug 5001 5404 5012 1.6022E+02 3.2040E+02
Tungsten Alloy 6001 7656 6949 2.2367E+02 4.3460E+02
LAST-A-FOAM 8001 18462 15929 7.9944E+02 1.4710E+03
3-266 . AOS Radioactive Material Transport Packaging System Safety Analysis Report
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Temperature, F

A0OS-050, Fire

1360

1220.

1080.

800.

660.

520.

380.

100

Time, hr

Figure 3-105. Load Case 111 - Fire at 30 Minutes, 1,475°F Ambient, Maximum Decay Heat,
Temperature versus Time — Model AOS-050
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1
MIN: 1.5335E+02
MAX: 1 .4709E+03

5335E +02
QO4OE +02
Y74EE +02
S4S1E+02
Y1S7E+02
B8EZE +02
35EBE +02
8274E+02
2879E+02
7685E+02
2390 +02
TOSBE+02
1801E+02
B507E+02
1212F +02
5318E+02
0B23E+02
S329E +02
QOR3E+03
QUTHE+DZ
QSHEE+03
1415E+03
16886E +03
2356E+03
2827E+03
3297E+03
37EBE+03
42368E +03
Y709E+03

L.

PPPPPPPPPPPOOODNNODDUNFFOONNRERE

3-268

Figure 3-106. Load Case 111 — Fire at 30 Minutes, 1,475°F Ambient, Maximum Decay Heat,
Entire Model — Model AOS-050
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VECTOR 1
MIN- 2. 688ZE+02
MAX: 7. 0S58E+02

EBEZE +02
BYUZE +@2
QOOZE+02Z
1562E+02
3226 +02
YEBZE +02Z
B241E+02
TEO1E+Q2
93B1E+02
0321E+02
24B1E+02
YOU1E+02
SEORE+02
T1EQE+02
8720E+02
QZBOE+02
1840E+0Z
SHORE +02
YI59E +02
ES1SE+02
BOTIE+OZ
SE630E+02
11909 =02
2758E+02
4318 +02
SE78E+0Z
TY3BE+O2
B99BE+02
QS5BE+02Z

s -

OOm DO UuNUNUFEFFEEFFEFONLDOLLODONN

oo

Figure 3-107. Load Case 111 - Fire at 30 Minutes, 1,475°F Ambient, Maximum Decay Heat,
Cask Model - Model AOS-050
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Table 3-83. Load Case 112 — Fire at 60 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation — Model AOS-050

Location

3-270
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Node
5001
4532
4227

4752

4838
4995
3309
3419
678
2537
1888
583
3001
3148
7533
7377
7371
6942
6267
6121
6001
15481
16630
16694
17804
11128
9785
9571
8197
15451
15961
17022
17551
10798
93900
8673
8225

Tenp (C) Temp (F)
193.44 380.20
217.17 422.90
201.89 395.40
200.56 393.00
197.17 386.90
187.44 369.40
173.33 344.00
179.89 355.80
215.72 420.30
199.50 391.10
214.44 418.00
199.39 390.90
178.56 353.40
184.72 364.50
181.39 358.50
182.72 360.90
209.44 409.00
215.00 419.00
209.06 408.30
190.06 374.10
188.17 370.70
172.39 342 .30
185.39 365.70
186.44 367.60
202.33 396.20
201.83 395.30
186.83 368.30
185.78 366.40
177.11 350.80
141.00 285.80
134.83 274.70
143.67 290.60
148.50 299.30
142 .50 288.50
132.33 270.20
102.67 216.80

78.78 173.80
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Component
Outside Shell
Bottom Plate
Lid

Shell Cavity
Plug
Tungsten
LAST-A~-FOAM

Maximum Component Temperatures

Node_1

Node_2

Node
1117
3120
3233
4522
5001
6440
18017

.1633E+02
.0006E+02
.9978E+02
.1717E+02
.0489E+02
.1522E+02
.3217E+02
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.2140E+02
.9210E+02
.9160E+02
.2290E+02
.0080E+02
.1940E+02
.2990E+02
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VECTOR 1
MIN: 4. 7379E+02
MAX: B .2994E+02

1 7IVE+02
1.900BE +02
OE3TE+0Z
226EE+02
3B95E+02
SE524E+02
7153E+02
B8782E+02
QH11E +02
2Q41E +02
3B70E+02
E29%E +02
ESZEE+02
B557E+02
Q186E +02
1815E+02
S4LYE+02
SQV3IE+02
B703E +02
8332E+02
9961E+02
1590E +02
3249 +02
YB4BE +02
B477E+02
B10BE+0Z
9735E+02
1365E+02
29%4E+02

L

N

oUW FEEFEFEEEFENWNNNODONNNNDN

Figure 3-108. Load Case 112 - Fire at 60 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation, Entire Model — Model AOS-050
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VECTOR 1
MIN: 3.44O1E+02
MAX: 4 2284E+02

3 HUAIE+O2
3.4683E+02
3 .4SESE+02
3. 5247E+02
3.5529E+02
3.5811E+02
3.6082E+02
3.E374E+R2
3 BBSEE+0Z2
3.693BE+02
3. 7220E+02
3 7502E+02
3 77B4YE+02
3 BOBBE+02
3.8348E+02
3 BE2%E+02
3 Bo11E+02
3.9193E+02
3. Q475E+02
B.9757E+02
4 QO3SE+02
Y4 03Z1E+02
4 0B@3E+02
Y4 esB4E+02
Y4 11B6E+02
Y. AH4BE+D2
Y4 1730E+02
Y. 2012E+02
Y. 2294E+02

W -

Figure 3-109. Load Case 112 — Fire at 60 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation, Cask Model — Model AOS-050
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Table 3-84. Load Case 113 — Fire at 90 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation — Model AOS-050

Location
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37

Node
5001
4532
4227
4752
4838
4995
3309
3419

678
2537
1888

583
3001
3148
7533
7377
7371
6942
6267
6121
6001

15481

16630
16694
17804
11128
9785
9571
8197
15451

15961

17022
17551
10798
9900
8673
8225

Temp (C) Temp (F)
203.17 397.70
206.72 404.10
205.00 .~ 401.00
202.50 396.50
200.44 392.80
198.11 388.60
194.22 381.60
196.06 384.90
204.06 399.30
200.28 392.50
200.56 393.00
200.67 393.20
196.44 385.60
197.78 388.00
197.17 386.90
197.67 387.80
203.39 398.10
204.61 400.30
203.61 398.50
199.89 391.80
199.33 390.80
193.67 380.60
197.61 387.70
198.00 388.40
192.61 378.70
193.83 380.90
197.61 387.70
197.22 387.00
195.67 384.20
113.44 236.20
108.89 228.00
111.11 232.00
110.39 230.70
109.28 228.70

90.61 195.10
66.39 151.50
58.17 136.70
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Component
Outside Shell
Bottom Plate
Lid

Shell Cavity
Plug
Tungsten
LAST-A-FOAM

Maximum Component Temperatures

Node
1117
3120
3233
4522
5001
6440
18017

.1633E+02
.0006E+02
.9978E+02
.1717E+02
.0489E+02
.1522E+02
.3217E+02

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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.2140E+02
.9210E+02
.9160E+02
.2290E+02
.0080E+02
.1940E+02
.2990E+02
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UVECTOR Z
MIN: 1.3672E+02
MAX: Y4 7977E+02

1.3672ZE+02
1.4897E+02
1 B122E+02
1 7348E+02
1.8573E+02
979BE+02
1023E+02
2248E+02
S4HEO2
YE99E +02
5924E+02
TANSE+Q2
B3TYE+Q2
SBOE+02
QBZSE+02
2050E+02
3275E+02
Y500E +02
S725E+02
BIS1E +02
B17EE+02
S4elE+ez
OBZEE+02
18S1E+02
3077E+02
4302E+02
5527E+02
B752E+02
TITE+O2

L

NNNNNNNP
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Figure 3-110. Load Case 113 - Fire at 90 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation, Entire Model - Model AOS-050
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VECTOR 2
MIN: 3.8161E+02
MAX: Y. QYOTE+0Z

B161E +02
B8242E+02
8322E+02
840ZE+0Z
B48ZE +02
8562E+02
B8B43E+02
8723E+02
8803E+02Z
8883E+02
B8963E+02
SOUYE +02
9124E+02
9204E+02
S284E+02
9364E+02
SHYSE+02
9525E +02
9BOSE+02
9685E+02
S7E5SE+02
984BE+02
9926E+02
QOOBE+02
QOBEE+02
Q1EEE+0Z
Q24 TE+O2
Q327E+02
Q4OTE+02

# -
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Figure 3-111. Load Case 113 - Fire at 90 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation, Cask Model — Model AOS-050
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Table 3-85. Load Case 114 — Fire at 120 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation - Model AOS-050

Location
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Node
5001
4532
4227
4752
4838
4995
3309
3419
678
2537
1888
583
3001
3148
7533
7377
7371
6942
6267
6121
6001
15481
16630
16694
17804
11128
9785
9571
8197
15451
15961
17022
17551
10798
9900
8673
8225

Temp (C) Temp (F)
204.89 400.80
202.94 397.30
204 .44 400.00
202.11 385.80
200.22 392.40
199.89 391.80
189.22 390.60
199.44 391.00
200.06 392.10
199.33 390.80
196.11 385.00
199.67 391.40
199.72 391.50
199.72 391.50
200.61 393.10
200.89 393.60
200.83 393.50
200.89 393.60
201.06 393.90
201.00 393.80
200.72 393.30
198.89 390.00
199.61 391.30
199.67 391.40
188.39 371.10
189.94 373.90
198.94 390.10
198.94 390.10
199.22 390.60
105.72 222.30
101.89 215.40
101 .44 214.60

98.50 1 209.30
99.56 211.20
77.28 171.10
54.83 130.70
51.17 124.10
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Component
Outside Shell
Bottom Plate
Lid

Shell Cavity
Plug
Tungsten
LAST-A-FOAM

Maximum Component Temperatures

Node
1117
3120
3233
4522
5001
6440
18017

.1633E+02
.0006E+02
.9978E+02
.1717E+02
.0489E+02
.1522E+02
.3217E+02
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.2140E+02
.9210E+02
.9160E+02
.2280E+02
.0080E+02
.1940E+02
.2990E+02
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VECTOR 3
MIN: 1.2413E+02
MAX 4 157YE+0Z

2413E+02
BYSUE+O2
Y4SEE+02
S537E+02
ESVIE+02
T620E+02
BEEZE+02
9703E+02
Q7USE+02
1786E+02
2828E+02
38E9E+02
Y910E+02
S952E +02
BII3E +02
8035E+02
907EE+02
0118E+02
1159E+02
2201E+02
3242E+02
Y284E+02
SR25E+02
B367E+02
THOBE+0Z
B4S0E+02
SUG1E 02
QS3ZE+02
15SME+02

-
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Figure 3-112. Load Case 114 - Fire at 120 Minutes, 100°F, Maximum Decay Heat,
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Maximum Insolation, Entire Model — Model AOS-050
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VECTOR 3
MIN: 3.BY9SE+02
MAX 4 QOBYE+0Z

8495E +02
B552E +02
BE0ZE 02
B666E +02
B722ZE+02
B779E +02
B8836E+02
B8893E 02
894SE+02
SORBE +02
SO63E +02
S120E+02
S176E+02
9233 +02
9290€E +02
IUTE+O2Z
SHO3E+02
SHERE +02
951 7E 0z
SETUE 02
SE30E +0Z
9B8TE+02
S744E Q2
9B801E+02
9B57E +02
9S14E+02
98V1E +02
DOZBE +02
QOBHE +02

# L

Figure 3-113. Load Case 114 - Fire at 120 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation, Cask Model - Model AOS-050
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Table 3-86. Load Case 115 - Fire at 150 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation — Model AOS-050

Location

3-282
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35
36
37

Node
5001
4532
4227
4752
4838
4995
3309
3419
678
2537
1888
583
3001
3148
7533
7377
7371
6942
6267
6121
6001
15481
16630
16694
17804
11128
9785
9571
8197
15451
15961
17022
17551
10798
9900
8673
8225

Temp (C) Temp (F)
204.39 399.90
200.89 393.60
203.11 397.60
201.00 393.80
199.11 390.40
199.33 390.80
199.67 391.40
199.39 390.90
197.89 388.20
197.94 388.30
193.83 380.90
198.11 388.60
199.33 390.80
199.00 390.20
200.50 392.90
200.78 393.40
199.06 390.30
198.78 389.80
199.22 390.60
200.06 392.10
199.89 391.80
199 .44 391.00
198.83 389.90
198.56 389.40
185.33 365.60
187.00 368.60
197.72 387.90
198.11 388.60
199.00 390.20
102.56 216.60

99.06 210.30
97.33 207.20
93.22 199.80
95.33 203.60
71.44 160.60
49.94 121.90
48.22 118.80
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Component
Outside Shell
Bottom Plate
Lid

Shell Cavity
Plug
Tungsten
LAST-A-FOAM

Maximum Component Temperatures

Node
1117
3120
3233
4522
5001
6440
18017

.1633E+02
.0006E+02
.9978E+02
.1717E+02
.0489E+02
.1522E+02
.3217E+02

AOS Radioactive Material Transport Packaging System Safety Analysis Report

for Model A0S-025, AOS-050, and AOS-100 Transport Packages, Rev. C

.2140E+02
.9210E+02
.9160E+02
.2290E+02
.0080E+02
.1940E+02
.2990E+02
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VECTOR
MIN- 1
MAxX 3

WWwwwWwwWwWwHRNRNNNRNNNRNNNRERRRRRRPRPR

Y
1884E+02
9990E +02

1884E+02
288BE+02
3892E+02
4Y896E +02
S5839E+02
E903E +02
7907E+02
B11E+02
9945E +02
Q918E +02
1922E+02
2926E+02
3930E +02
Y934E+02
S937E+02
BO41E+02
TOUSE+02
B349E+02
9953E +02
QIE6E +02
19B0E +02
29B4E+02
3966E +02
Y971E+02
S975E+02
BY7IE+02
T9BIE+02
8987E+02
S930E +0Z

L.
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Figure 3-114. Load Case 115 — Fire at 150 Minutes, 100°F, Maximum Decay Heat,

Maximum Insolation, Entire Model — Model AOS-050
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VECTOR 4
MIN: 3.B031E+02
MAX: 3 9990E+02

B8031E+02
8153E+02
8227E+02
B8295E+02
B8363E+02
B431E+02
B49BE+02
B8SEEE+02
BE34E+02
B702E+02
B8770E+02
8837E+02
B905E +02
8973E+02
SOH1E +02
91039E+02
S177E+02
92Y4E +02
9312E +02
93B80E +02
SYUBE +02
S516E+02
S584E +02
SES1E +02
9719E+02
9787E+02
9B55E +02
9923E+02
9930E +02

@ -

Figure 3-115. Load Case 115 - Fire at 150 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation, Cask Model - Model AOS-050
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Table 3-87. Load Case 116 — Fire at 180 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation — Model AOS-050

Location

3-286

W 1oy U W N

WWwWwWwwhl R ONRNODROODNNNODERE R RRRRB B PP
SO OW®-JdJOU R WNROWO®--TJO U™ WP O W

35
36
37

Node
5001
4532
4227
4752
4838
4995
3309
3419
678
2537
1888
583
3001
3148
7533
7377
7371
6942
6267
6121
6001
15481
16630
16694
17804
11128
9785
9571
8197
15451
15961
17022
17551
10798
9900
8673
8225

Temp (C) Temp (F)
203.17 397.70
199.17 390.50
201.56 394.80
199.56 391.20
197.61 387.70
198.06 388.50
198.72 389.70
198.22 388.80
196.17 385.10
196.33 385.40
182.11 377.80
196.44 385.60
198.06 388.50
197.61 387.70
199.44 391.00
199.67 391.40
197.44 387.40
197.11 386.80
197.56 387.60
198.61 389.50
198.44 389.20
198.56 389.40
197.28 387.10
196.67 386.00
182.83 361.10
184.67 364.40
195.94 384.70
196.67 386.00
197.78 388.00
100.94 213.70

97.67 207.80
95.17 203.30
90.28 194.50
93.00 199.40
68.39 155.10
47.50 117.50
46.89 116.40

AOS Radioactive Material Transport Packaging System Safety Analysis Report
for Model AOS-025, AOS-050, and AOS-100 Transport Packages, Rev. C



Component
Outside Shell
Bottom Plate
Lid

Shell Cavity
Plug
Tungsten
LAST-A-FOAM

Maximum Component Temperatures

Node
1117
3120
3233
4522
5001
6440
18017

.1633E+02
.0006E+02
.9978E+02
.1717E+02
.0489E+02
.1522E+02
.3217E+02
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.2140E+02
.9210E+02
.9160E+02
.2290E+02
.0080E+02
.1940E+02
.2990E+02
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VECTOR S
MIN: 1. 1B44E+02
MAX: 3.9769E+02

1. 1B44E+02
1. 2ZB4BE+02Z
1.3653E+02
1. 4B57E+02
1.5662E+02
1 BEBEE+02
1.7671E+02
1 BE7SE+02
SEB0E+02
OBEYE +02
168BE+02
26393E+02
3697E+02
Y70ZE+02
S5708E+02
E711E+02Z
T71SE+02
8720E+02
gV24E +02
Q729 +02
1733E+02
2738E+02
IMZEO2
Y74EE+O2
STS1E+eZ
E755E+02
TTEQE+02
aveHE+02
S7E9E+02

L

[
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Figure 3-116. Load Case 116 — Fire at 180 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation, Entire Model — Model AOS-050
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VECTOR 5
MIN: 3. 7783E+02
MAX: 3.9769E+02

7783E+0Z
TESHE+02
T925E+02
TOSEE+02
-BOEVE+02
B138E+02
B8208E+02
8279E+02
B3C0E+02
BYZ1E+02
B43ZE +02
8563E+02
8634E+02
B7QSE+02
877EE+0Z
8B4 TE+0Z
B918E+02
B3BIE+02
S060E +02
S130E+02
S201E+02
92Z72E+02
GIUZE+02
SHAYE +02
9485E+02
S556E+02
S627E+02
9B98E +02
S7ESE+02

e L

Figure 3-117. Load Case 116 - Fire at 180 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation, Cask Model — Model AOS-050

WwWwwmwwwowwmwwowowowwwowwwwwowwowwwwww

AOS Radioactive Material Transport Packaging System Safety Analysis Report 3-289
for Model AOS-025, AOS-050, and AOS-100 Transport Packages, Rev. C



THIS PAGE INTENTIONALLY LEFT BLANK.

3-290 A0S Radioactive Material Transport Packaging System Safety Analysis Report
. for Model AOS-025, AOS-050, and AOS-100 Transport Packages, Rev. C



3.5.2.3 Hypothetical Accident Conditions of Transport Resuits — Model AOS-165
Table 3-88 lists the tables and figures in this appendix that present the Model AOS-165 transport package
results under Hypothetical Accident conditions of transpon, for Load Cases 111 through 116. Each table
provides a list of temperatures at each monitoring node. Also listed are the maximum temperatures within
each transport package component.

Table 3-89 lists the temperature monitoring points (nodes) for the Model AOS-165 transport package,
under Normal and Hypothetical Accident (Fire) conditions of transport. Figure 3-118 illustrates the location

of each node on the transport package, under Fire conditions.

Table 3-88. Hypothetical Accident Conditions of Transport Results — Model AOS-165

. "Load - L | Temperature | . T
Case - _Deéscription, -~ | Results Table | versus Time, | Entire Model | .CaskModeél: -

Fire at 30 Minutes,

111 1,475°F Ambient, Table 3-90 Figure 3-119 Figure 3-120 Figure 3-121
Maximum Decay Heat
Fire at 60 Minutes, 100°F,

112 Maximum Decay Heat, Table 3-91 - Figure 3-122 Figure 3-123
Maximum Insolation
Fire at 90 Minutes, 100°F, -

113 Maximum Decay Heat, Table 3-92 - Figure 3-124 Figure 3-125
Maximum Insolation
Fire at 120 Minutes, 100°F,

114 Maximum Decay Heat; Table 3-93 - Figure 3-126 Figure 3-127
Maximum Insolation
Fire at 150 Minutes, 100°F,

115 Maximum Decay Heat, Table 3-94 - Figure 3-128 Figure 3-129
Maximum Insolation
Fire at 180 Minutes, 100°F,

116 Maximum Decay Heat, Table 3-85 - Figure 3-130 Figure 3-131
Maximum Insolation

AOS Radioactive Material Transport Packaging System Safety Analysis Report 3-291
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Table 3-89. Temperature Monitoring Points, All Conditions of Transport — Model AOS-165

B LIBRA Model Nodal Number L
. Nodal Location ‘Normal Conditions ‘ _Fire Cq'ndi'tions -'
1 5001 5001
2 4532 4532
3 4227 4227
4 4752 4752
5 4838 4838
6 4995 4995
7 3309 3309
8 3419 3419
9 678 678
10 2537 2537
11 1888 1888
12 583 583
13 3001 3001
14 3148 3148
15 7533 7533
16 7377 7377
17 7371 7371
18 6942 6942
19 6267 6267
20 6121 6121
21 6001 6001
22 9501 15481
23 9950 16630
24 10014 16694
25 10781 18111
26 9091 1153
27 8463 9785
28 8462 9571
29 8197 8197
30 9711 15451
31 9821 15961
32 10158 17032
33 10605 17743
34 9102 11051
35 8578 9900
36 8225 8673
37 8001 8225
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Figure 3-118. Selected Nodal Locations for Fire Conditions of Transport — Model AOS-165
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Table 3-90. Load Case 111 — Fire at 30 Minutes, 1,475°F Ambient, Maximum Decay Heat —

Model AOS-165

Location

3-294
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35
36
37

Node

5001
4532

4227 -

4752
4838
4995
3309
3419
678
2537
1888
583
3001
3148
7533
7377
7371
6942
6267
6121
6001
15481
16630
16694
18111
11531
9785
9571
8197
15451
15961
17022
17743
11051
93800
8673
8225

Temp (C) Temp (F)
376.56 709.80
348.89 660.00
363.56 686.40
333.89 633.00
303.44 578.20
301.28 574.30
308.28 586.90
301.28 574.30
310.44 590.80
300.39 572.70
522 .44 972.40
300.61 573.10
307.11 584.80
299.11 570.40
319.83 607.70
325.67 618.20
312.33 594.20
315.17 599.30
312.61 594.70
315.56 600.00
310.61 591.10
307.89 586.20
291.61 556.90
287.39 "549.30
652.22 1206.00
651.11 1204.00
289.56 553.20
293.56 560.40
306.83 584.30
791.11 1456.00
798.33 1469.00
793.33 1460.00
795.56 1464 .00
797 .22 1467.00
795.56 1464 .00
797.22 1467.00
793.89 1461.00
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Component
Outside Shell
Bottom Plate
Lid

Shell Cavity
Plug

Tungsten Alloy
LAST-A~FOAM

Maximum Component Temperatures

Node
1855
3120
3233
4227
5001
7377
15929

.2244E+402
.0844E+02
.0944E+02
.6356E+02
.7656E+02
.2567E+02
.9833E+02

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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Max_Temp (F)
.7240E+02
.8720E+02
.8900E+02
.8640E+02
.0980E+02
.1820E+02
.4690E+03
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1500. A0S-165, Fire
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Figure 3-119. Load Case 111 - Fire at 30 Minutes, 1,475°F Ambient, Maximum Decay Heat,
Temperature versus Time — Model AOS-165
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VECTOR 1
MIN 1. .B94T7E+QZ
MAX 1 YBSHE+03

1. EHVE+OZ
1589E+02
6232E+02
0B7SE+02
S51B8E +02
Q160E+02
4B0ZE+02
SYUEE +02
4OBBE+02
8731E+02
3Z7HE+02
BRL7E+02
265SE+02
7302E+02
1945E+02
B587E+02
1230E+02
S873E+0Z
QOSZE+03
0516E+02
Q980E+03
1444E+03
1509E+03
2373E+03
2837E+03
3301E+03
3766E+03
Y230E +03
1 4BTHE+O3

% L

Figure 3-120. Load Case 111 - Fire at 30 Minutes, 1,475°F Ambient, Maximum Decay Heat,
Entire Model — Model AOS-165
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VECTOR - 1
MIN: 5.5632E+02
MAX: 9 T242E+02

S632E+02
T11BE +02
BEQYE+0Z
QO90E +02Z
1576E +02
3062E+02
YEUBE+02
BO34E+02
TS20E+02
S006E +02
Q49ZE+02
1978E+02
3465E+02
Y951E +02
BY437E+02
7923E+02
SHOSE+02
0BISE +02
23B1E+02
2BEVE+O2
S353E+02
B83%E+02
8325E+02
9B11E +02
1298E+02
2784E+02
YZ70E+O2
S7SEE+02
T242E+02
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Figure 3-121. Load Case 111 - Fire at 30 Minutes, 1,475°F Ambient, Maximum Decay Heat,
Cask Model — Model AOS-165
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Table 3-91. Load Case 112 — Fire at 60 Minutes, 100°F, Maximum Decay Heat,

Maximum Insolation — Model AOS-165

Location

O N oUW N

W W Wwwwho NN NDNDNNDDMNNMNNMNNMERPRRESERPRRRRRP P& P
=W NP O W oo O U W RO WD SO URWN PO W

35
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37
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Node
5001
4532
4227
4752
4838
4995
3309
3419
678
2537
1888
583
3001
3148
7533
7377
7371
6942
6267
6121
6001
15481
16630
16694
18111
11531
9785
9571
8197
15451
15961
17022
17743
11051
9900
8673
8225
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Component
Outside Shell
Bottom Plate
Lid

Shell Cavity
Plug

Tungsten Alloy
LAST-A-FOAM

3-300

Maximum Component Temperatures

Node_2 Node
2894 1884
3232 3120
3424 3233
4998 4227
5404 5001
7656 6432

18126 15841

AOS Radioactive Material Transport Packaging System Safety Analysis Report '
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.8061E+02
.0856E+02
.0944E+02
.6439E+02
.7694E+02
.3572E+02
.6828E+02

.1710E+02
.8740E+02
.8900E+02
.8790E+02
.1050E+02
.3630E+02
.9490E+02



VECTOR 1
MIN- 1. 7824E+02
MAX: 7. 4711E+02

1.7824E+02
1.S748E+02
1673E+02
3597E+02
5522 +02
THUEE +02
S371E+02
1235E+02
3220E+02
S144E+02
TOESE+02
8994E+02
OS18E +02
2B43E+02
YTEVE0Z
6692E+02
B8616E+02
OSH1E+02
2465E+02
Y390E+02
B314E+02Z
B239E +02
Q1B4E +02
2088E+02
HO13E+02
5337E+02
7862E+02
97BEE 02
1744F+02

5 -

Figure 3-122. Load Case 112 — Fire at 60 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation, Entire Model - Model AOS-165
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VECTOR:

MIN: S
Max: 7

NANNNOOOOOOOOONOODNOOOOODOIVUAWV NN

1
-BOSSE+02
1741E+02

EOS5E+02
EB14E+02
TAME+02
T733E+02
8292E +02
BBS1E+0Z
SY10E +02
9869E+02
0528E+02
1087E+02
1B47E +02
2206E+02
2765E+02
3324E+02
3B83E+02
YHU2E+02
S001E+02
SSEOE+02
B120E+02
BE7SE+02
7238E+02
7T9vEYO2
B8356E+02
B315E +02
HHE+O2
0O33E+02
0593E +02
1452E+02
1714E+02

L
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Figure 3-123. Load Case 112 - Fire at 60 Minutes, 100°F, Maximum Decay Heat,

Maximum Insolation, Cask Model — Model AOS-165
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Table 3-92. Load Case 113 — Fire at 90 Minutes, 100°F, Maximum Decay Heat,

Maximum Insolation — Model AOS-165

Location
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Node
5001
4532
4227
4752
4838
4995
3309
3419
678
2537
1888
583
3001
3148
7533
7377
7371
6942
6267
6121
6001
15481
16630
16694
18111
11531
9785
9571
8197
15451
15961
17022
17743
11051
9900
8673
8225
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Component
Outside Shell
Bottom Plate
Lid

Shell Cavity
Plug

Tungsten Alloy
LAST-A-FOAM

3-304

Maximum Component Temperatures

Node_2 Node
2894 1884
3232 3120
3424 3233
4998 4227
5404 5001
7656 6432

18126 15841
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.8061E+02
.0856E+02
.0944E+02
.6439E+02
.7694E+02
.3572E+02
.6828E+02

.1710E+02
.8740E+02
.8900E+02
.8790E+02
.1050E+02
.3630E+02
.9490E+02



VECTOR 2
MIN: 1.8533E+02
MAX 7 14E69E+02

B8533E+02
Q423E+02
2314E+02
Y204E+02
BOSSE +02
7986E +02
987EE+02
1767E+02
3ESTE+O2
SE4YBE +02
TY3GE+02
9329E+02
1220E+02
3110E+02
SOQ1E +02
E831E+02
878ZE+0Z
QB7IE+02
2563E +02
YUSYE +02
E344E+02
B235E+02
Q126E +02
2016E +02
3307E+02
S797E+02
7EEBE +02
957BE+0Z
146SE+02

@ L

Figure 3-124. Load Case 113 - Fire at 90 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation, Entire Model - Model AOS-165
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VECTOR 2
MIN: 5.6674E+02
MAX: 7 146SE+02

BEHE+02
7202E+02
7731E+02
B2G5SE+02
B878BE+02
9316E +02
SBHYE+02
O373E+02
0S01E+02
1430E +02
1958E +02
24B86E+02
3015E+02
3543E+02
HO71E+02
YEQOE +02
S128E+02
SES7E+02
B185E +02
6713E+02
T242E+02
TTTRE+O2
B8299E+02
8827E+02
93C5E+02
9884YE+02
QU1ZE+02
0S41E+02
1469E+02

L.
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Figure 3-125. Load Case 113 - Fire at 90 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation, Cask Model — Model AOS-165
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Table 3-93. Load Case 114 — Fire at 120 Minutes, 100°F, Maximum Decay Heat,

Maximum Insolation — Model AOS-165

Location
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37
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Node
5001
4532
4227
4752
4838
4995
3309
3419
678
2537
1888
583
3001
3148
7533
7377
7371
6942
6267
6121
6001
15481
16630
16694
18111
11531
9785
9571
8197
15451
15961
17022
17743
11051
9900
8673
8225
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Component
Outside Shell
Bottom Plate
Lid

Shell Cavity
Plug

Tungsten Alloy
LAST-A-FOAM

3-308

Maximum Component Temperatures

Node_2 Node
2894 1884
3232 3120
3424 3233
4998 4227
5404 5001
7656 6432

18126 15841
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.8061E+02
.0856E+02
.0944E+02
.64339E+02
.7694E+02
.3572E+02
.6828E+02

.1710E+02
.8740E+02
.8900E+02
.8790E+02
.1050E+02
.3630E+02
.9490E+02



VECTOR 3
MIN 1.9314E+02
MAX 7 2491E+02

9914E +02
1782E+02
3669E+02
SEYTE+02
T425E+02
9303E +02
1180E+02
3058E+02
4g936E+02
6B814E+02
B631E +02
OSESE+02
2H4TE 02
43256 +02
B20ZE +02
BOBE +02
9956E +02
1B836E+02
I7ALE +O2
SES1E +02
THESE 02
934 TEXOZ
1225k +02
3102E +02
H980E +02
BESEE+02
8736E+02
VB13E+02
7 2491Eva2
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Figure 3-126. Load Case 114 - Fire at 120 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation, Entire Model — Model AOS-165

AOS Radioactive Material Transport Packaging System Safety Analysis Report
for Model AOS-025, AOS-050, and AOS-100 Transport Packages, Rev. C

3-309




VECTOR - 3
MIN: 5.7353E+02
MAX: 7 24S1E+02

7353E+02
7ESHE +02
BY3YE+02
897SE+02
9516E +02
QOSEE +02
QE97E+02
1138E+02
1E7BE 02
2219€+92
2755E+02
3300E+0Z
3B41E+02
Y3B1E+02
4922 +02
SHB3E+02
BOO3E+0Z
BSHYE +02
TOBSE +02
TB25E+02
B1BEE +02
B707E+02
S247E+02
9788E +02
Q325E+02
0BBSE+02
1410E +02
1950E+02
2481E+02Z

-
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Figure 3-127. Load Case 114 — Fire at 120 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation, Cask Model — Model AOS-165
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Table 3-94. Load Case 115 — Fire at 150 Minutes, 100°F, Maximum Decay Heat,

Maximum Insolation — Model AOS-165

Location
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Node
5001
4532
4227
4752
4838
4995
3309
3419
678
2537
1888
583
3001
3148
7533
7377
7371
6942
6267
6121
6001
15481
16630
16694
18111
11531
9785
9571
8197
15451
15961
17022
17743
11051
9900
8673
8225
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Component
Outside Shell
Bottom Plate
Lid )

Shell Cavity
Plug

Tungsten Alloy
LAST-A-FOAM

3-312

Maximum Component Temperatures

Node_2 Node
2894 1884
3232 3120
3424 3233
4998 4227
5404 5001
7656 6432

18126 15841
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.8061E+02
.0856E+02
.0944E+02
.6439E+02
.7694E+02
.3572E+02
.6828E+02

.1710E+02
.8740E+02
.8900E+02
.8790E+02
.1050E+02
.3630E+02
.9490E+02



VECTOR 4
MIN: 1. 900SE+02
MAX: 7 300SE+02

S900IE +02
Q93BE +02
2B8BBE+02
Y795E+02
.B723E+02
BES2ZE+02
QSBE+02
2508E+02
Y4IVE+OZ
E365E +02
B284E+02
0222E+02
2150E+02
YO79E+02
EOOVE+02
7936E+02
98E4E+02
1732E+02
I721E+02
5649E+02
TSTBE+02
9506E +02
A434E v02
33E3E+02
S291E +@2
T220E+02
914BE +02
1077E+02
3005E+02

& -

Figure 3-128. Load Case 115 - Fire at 150 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation, Entire Model — Model AOS-165

NN DN NN FEEFEFEFFOODOOONNNNNERE

AOS Radioactive Material Transport Packaging System Safety Analysis Report 3-313
for Model AOS-025, AOS-050, and AOS-100 Transport Packages, Rev. C



VECTOR 4
MIN: 5.7942E+02
MAX: 7 300SE+02

THZE+O2
BY4BRE +02
S018E+02Z
9556E +02
QOS4E+02
Q632E +02
1170E+02
1708E+02
224BE+02
2784E+02
3322E+02
3B6QE+02
439BE+02
4936E+02
SUTHE+02
E012E+02
EESRE+02
7OBBE+02
TE25E+02
B163E+02
B701E+02
92396 +02
S77VE 02
0315E+02
0BS3E+02
13S1E+02
1929€ +02
2467E+02
3005E +02

-
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Figure 3-129. Load Case 115 — Fire at 150 Minutes, 100°F, Maximum Decay Heat,

3-314

Maximum Insolation, Cask Model — Model AOS-165
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Table 3-95. Load Case 116 — Fire at 180 Minutes, 100°F, Maximum Decay Heat,

Maximum Insolation — Model AOS-165

Location
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Node
5001
4532
4227
4752
4838
4995
3309
3419
678
2537
1888
583
3001
3148
7533
7377
7371
6942
6267
6121
6001
15481
16630
16694
18111
11531
9785
9571
8197
15451
15961
17022
17743
11051
9900
8673
8225
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Component
Outside Shell
Bottom Plate
Lid

Shell Cavity
Plug :
Tungsten Alloy
LAST-A~FOAM

3-316

Maximum Component Temperatures

Node_2 Node
2894 1884
3232 3120
3424 3233
4998 4227
5404 5001
7656 6432

18126 15841
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.8790E+02
.1050E+02
.3630E+02
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VECTOR
MIN: 1
MAax: 7

5
T9B9E+02
34ESE+02

79B89E+02
997RE+02
1952E+02
3933 +02
S914E +02
7B9SE +02
9877E+02
1858E+02
383SE+02
S8Z1E+02
TBOZE+02
9783E+02
1764E+02
I74EE+02
S727E+02
T70BE+02
S9683E+02
1671E+02
3ES2E+02
SE633E+02
TE1SE+02
959BE 02
1577E+02
355BE+02
SE4QE +02
7S21E+02
9502E +02
14B84E+02
S4ESE+02

s

Figure 3-130. Load Case 116 — Fire at 180 Minutes, 100°F, Maximum Decay Heat,

Maximum Insolation, Entire Model — Model AOS-165
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VECTOR 5
MIN: 5. B432E+02
MAX: 7. 34ESE+02

B432E+02
8969E+02
950EE+02
Q04 3E+02
Q5 79E+02
1116E+02
1ES3E+02
2190E+02
2727E+02
3264E+02
2BVO1E 02
4338E+02
487SE+02
SYH11E+02
SS4BE+02
B4E5E+02
TOZ2E+02
TEESE +02
BOSEE+02
B8633E+02
S170E+02
97e7E+0Z
Q243E+02
Q7B0E+02
1317E+02
1854E+02
231 E+02
292BE+02
3465E+02

.
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Figure 3-131. Load Case 116 — Fire at 180 Minutes, 100°F, Maximum Decay Heat,
Maximum Insolation, Cask Model - Model AOS-165
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3.5.3 LIBRA Finite Element Program Heat Transfer Module
3.5.3.1 Description of the L.IBRA Heat Transfer Program

The LIBRA heat transfer program performs steady-state and transient analyses of two- and three-
dimensional structures. The LIBRA heat transfer code is compatible with the structural code in that
essentially the same model can be used for both structural and thermal analyses, and temperature fields
determined in thermal analyses can be saved and applied in subsequent structural analyses.

For transient thermal problems the user can control the integration scheme by specifying the integration
parameter. A zero (0) value of this parameter gives an explicit integration scheme, while values between
zero (0) and one (1) give implicit schemes. Usually, a value of one (1) for the integration parameter was
used, and this value corresponds to a backward difference integration technique.

The LIBRA user can specify property changes at user-directed intervals in transient problems. At such
times, the LIBRA code passes control to a user-written subroutine, which allows the introduction
of temperature-dependent properties. This program feature was widely used in the analysis of the
transport package.

3.5.3.2 Qualification and Verification of LIBRA Program

To assess the accuracy of the LIBRA computer program, a qualification and verification program was
conducted. The program included verification against exact solution type of problems and benchmarking in
the thermal area. The GE Model 2000 heat tests were performed to verify thermal properties used in the
analytical model, In particular, the Model 2000 heat tests were used to validate thermal conduction
properties for cask structural and shielding materials. The LIBRA program accuracy is demonstrated
by a number of verification problems, described below, and by tests applied to the Model AOS-165A
transport package.

3.5.3.3 Heat Transfer Problems with Exact Solution

Six example problems were solved analytically and by application of the LIBRA heat transfer program. The
problems solved included plane and axisymmetric (2D) geometry and involved convective, radiative, and
fixed temperature boundary conditions. In all problems solved, both steady-state and transient problems,
agreement between the analytical solutions and the LIBRA program was within 1%. Table 3-96
summarizes these problems and the comparison of results.
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3.5.3.4 Heat Transfer Benchmarking Test

A thermal test was performed on a GE Model 2000 transport package. The content heat load .
was simulated by electric heaters. Thermocouples were placed at strategic locations:

* Inside the cask cavity,

* On the outside cask surface,

* On the inside overpack surfaces, and
e Exterior to overpack structure.

Temperatures were periodically recorded as the heater power was varied from 0 to 3 kW. Steady-state
temperatures were recorded for various heater powers from 1 to 3 kW,

A finite element model of the package was developed and was applied to a thermal analysis using
the LIBRA Heat Transfer Program. A comparison of heat test (HT) and LIBRA results are provided
in Table 3-97.

| A more detailed description of the GE Model 2000 heat tests is provided in Appendix 3.5.3.5.
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Table 3-96. Summary of Heat Transfer Exact Solution Properties and their Results

ProblemType || Problem Statement  |' ° Theory | .. LIBRA _ "|-:"" Refererices’ . .
X
[ o
L TCF) TCF) Kreith, Frank,
- 0.000 508.8 507 -y
Concrete wall at initial Principles of Heat
. ! 0.167 538.2 535 .
Transient temperature (Ti), suddenly Transfer, International
: . 0.333 625.3 622
conduction exposed on one side to Textbook Company,
0.500 766.3 763 )
hot gas at (Tg). Pennsylvania, 2nd Ed.,
0.667 954.7 952 1969 Example 4-4
0.833 1,180.7 1,180 ’ pie 4-4.
1.000 1,431.8 1,430

Concrete slab has its

Gebhart, Benjamin,
Heat Transfer, The

Steady-state two surfaces maintained 2 2 McGraw-Hill
condu)(/:tion at Ty and T,. Obtain 120 Btu/h-ft 120 Btu/h-ft Companies, New York,
heat transfer rate. 2nd Ed., 1971,
Example 2-1.
X
L T(°F) T(°F)
0.000 141 142
A uniformly heat-generating 0125 330 331 Garrgt, J.' K., THTD
Internal heat plate of thickness t, subjected 0.250 471 471 Verification Manual,
generation/ to a temperature T’ on inside 0.375 562 562 General Electric
steady-state and T. on the othe1r side 0.500 605 605 Company, San Jose,
2 ' 0.625 599 599 CA, 1980.
0.750 544 544
0.875 440 440
1.000 288 287
Conduction
. e A plate has a heat flux on one Surface Surface
with radiation . X .
and convection Sld(?, and the oth.er side Temperature Temperature Ibid.
boundaries radiates to two sinks. 659.7°F 659.7°F
/R T(°F) T(°F)
0.8 6.6 86.6
0.1 87.0 87.0
0.2 87.6 87.6
Axisymmetric An infinitely long rod of radius | 0.3 88.5 88.5
. R having a uniform initial 0.4 89.7 89.7
(2D), transient .
conduction temperatqre T~ is plunged 0.5 91.2 91.2
suddenly into a bath at To. 0.6 92.8 92.9
0.7 94.6 94.7
0.8 96.5 96.5
0.9 98.3 98.3
1.0 100.0 100.0
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Table 3-96. Summary of Heat Transfer Exact Solution Properties and their Results (Continued)

* Problem Type Problem Statement. . | Theory LIBRA “References
’ r/R T(°F) T(°F)
0 490.0 490
0.1 489.0 488
Axisymmetric 8§ jgg; :’33
(2D), transient A rod having a uniform initial ) )
. . 0.4 472.6 472 .
conduction temperature Ti is quenched Ibid, Example 5-13.
with convective | in an oil bath at Teo. 0.5 462.9 462
boundary 0.6 451.3 450
0.7 437.8 437
0.8 422.5 421
0.9 405.6 404
1.0 387.2 386

Table 3-97. Comparison of Heat Test GE Model 2000 and LIBRA Results

p=11kW p=2kW ‘ p=3kW.
) Location HT (°F) LIBRA (°F) HT (°F) LIBRA(°F) | HT(°F) LIBRA (°F)
Cavity 264 248 395 372 527 474
Cask Surface 166 179 243 256 319 308
Inside Jacket 101 99 139 138 168 158
Outside Jacket 80 82 98 107 102 111
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3.5.3.5 GE Model 2000 Heat Test Description

The GE Model 2000 heat tests were conducted outside, using a test structure only partially enclosed by
plywood. In addition, tests were conducted over an extended time period, during which the ambient
temperature varied by over 20°F. Consequently, test convective values could not be accurately identified.
However, thermal conduction values can be evaluated without accurate convection properties, by
matching test and analytical temperature patterns. To this end, approximate ambient temperature and
convection values were applied in the analysis of the test event. While the approximate convection
properties produced the consistently low temperature correlation, the calculated temperature patterns
correlated well with test results validating the model.

The Model AOS-165A test was performed under a more controlled environment, and the correlation
between analytical and test temperatures were very good. Accuracy of the LIBRA code is further
demonstrated by the following eight solutions, presented in the LIBRA program verification documentation.
These problems were chosen to exercise the LIBRA program elements and features used in the AOS
thermal analyses. The LIBRA input models for these problems are contained on the LIBRA program CD,
Libra64 folder, verification sub-folder.

ver_prob.1 (Main 12, Elements 34 & 32)

Axisymmetric, steady-state heat transfer of Carbon resistor, graphite core and michanite conductor,
model 1. Solution from Edwards, Denny, and Mills, Transfer Processes, 2nd Ed., p. 27 [3.15].

graphite temperature = 368.8
Libra node 15 temperature = 368.5

ver_prob.2 (Main 12, Elements 34 & 32)

Axisymmetric, steady-state heat transfer of Carbon resistor, graphite core and michanite conductor,
model 2. Solution from Edwards, Denny, and Mills, Transfer Processes, 2nd Ed., p. 27 [3.15].

graphite temperature = 368.8
Libra node 39 temperature = 368.5

ver_prob.3 (Main 12, Elements 34 & 32)

Axisymmetric, steady-state heat transfer of Carbon resistor, graphite core and michanite conductor,
model 3. Solution from Edwards, Denny, and Mills, Transfer Processes, 2nd Ed., p. 27 [3.15].

graphite temperature = 368.8
Libra node 39 temperature = 368.5

ver_prob.4 (Main 12, Elements 34 & 32)

Axisymmetric, steady-state heat transfer of Carbon resistor, graphite core and michanite conductor,
model 4. Solution from Edwards, Denny, and Mills, Transfer Processes, 2nd Ed., p. 27 [3.15].

core temperature = 434.8
Libra node 6 temperature = 434.8
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ver_prob.5 (Main 12, Elements 34 & 32)

Axisymmetric, transient heat transfer of copper wire initially at 300 deg immersed in water. Solution from
Kreith, Principals of Heat Transfer, 2nd Ed., p. 131 [3.14].

Item Theory Libra
time step 16 temp 173.7 175.2
time step 32 temp 127.1 128.3
time step 48 temp 110.0 110.6
time step 64 temp 103.7 104.0
time step 90 temp 101.4 101.5

ver_prob.6 (Main 12, Elements 34 & 32)

Axisymmetric, transient heat transfer of copper wire initially at 300 deg, immersed in air. Solution from
Kreith, Principals-of Heat Transfer, 2nd Ed., p. 131 [3.14].

Item Theory Libra
temperature @ time step 32 217.5 217.3
temperature @ time step 64 169.0 168.8
temperature @ time step 96 140.5 140.3
temperature @ time step 128 123.8 123.7
temperature @ time step 160 114.0 113.9

ver_prob.7 (Main 12, Elements 34 & 32)

Transient heat transfer of concrete wall initia]ly at 100 deg exposed to gas at 1,600 deg. Solution from
Kreith, Principals of Heat Transfer, 2nd Ed., p. 151 [3.14].

Item Theory Libra
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3.5.4 Tungsten Alloy versus Carbon Steel Materials Comparison

Temperature results are presented for the Model AOS-100B transport package’s cask, using tungsten
alloy or carbon steel (shielding material). Table 3-98 lists the figures associated with Load Cases 102, and
111 through 115.

Notes: Only the results are presented within this appendix.

Results data is not included for Load Case 116.

Comparative results are shown for each shielding material with the same‘loading. The loading conditions

~evaluated are:

¢ 400W decay heat plus insolation

* 5-hour fire transient — 30-minute fire at 1,475°F and 4.5-hour cool down at 100°F,
400W decay heat

Table 3-98. Tungsten Alloy versus Carbon Steel Shielding Results ~ Models AOS-1008

Load S Temperature : ‘ :
‘Case B . Description versus Time Entire Model Cask Model
102 100°F Ambient, 400W Decay Heat, _ ‘ Figure 3-133 Figure 3-134

Maximum Insolation

Fire at 30 Minutes,
111 1,475°F Ambient, Figure 3-135 Figure 3-136 Figure 3-137
400W Decay Heat

Fire at 60 Minutes, 100°F,
112 400W Decay Heat, - Figure 3-138 Figure 3-139
Maximum Insolation

Fire at 90 Minutes, 100°F,
113 400W Decay Heat, - Figure 3-140 Figure 3-141
Maximum Insolation

Fire at 120 Minutes, 100°F,
114 400W Decay Heat, - Figure 3-142 Figure 3-143
Maximum Insolation

Fire at 150 Minutes, 100°F,
115 400W Decay Heat, - Figure 3-144 Figure 3-145
Maximum Insolation
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Table 3-99 lists the carbon steel (~ 0.5% carbon) properties used for this testing [3.13].

Table 3-99. Carbon Steel Properties

Teinperatui'e Conductivity Thermal Diffusivity | Specific Heat .
(°C)  (W/m-°C) (m?hr). . (KJ/kg-°C)-
Material: SA-105, Carbon Steel Forging
211 60.75 0.06457 0.4324
37.8 60.06 0.06262 0.4408
65.6 59.02 0.05992 0.4527
93.3 58.15 0.05695 0.4693
1211 56.94 0.05435 0.4815
148.9 55.90 0.05212 0.4930
204.4 53.48 0.04757 0.5167
260.0 51.06 0.04385 0.5351
3156 48.46 0.04023 0.5537
343.3 47.25 0.03846 0.5646
3711 46.04 0.03660 0.5780
398.9 44.83 0.03475 0.5929
426.7 43.61 0.03298 0.6078
"454.4 42.40 0.03112 0.6262
482.2 41.19 0.02945 0.6483

-3-326

AOS Radioactive Material Transport Packaging System Safety Analysis Report
for Model AOS-025, AOS-050, and AOS-100 Transport Packages, Rev. C



‘ Density = 7,832.8 kg/m®
= 0.283 Ib/in®
The conductivity property as a function of temperature is defined as:
K = 3.003 - 1.027E-3 T - 1.249E-7 T?
where:
K = Conductivity - Btu/hr-in-°F
T = Temperature - °F
The specific heat property as a function of temperature is defined as:
Cp = 0.1009 + 4.847E-5 T + 9.493E-9 T2
where:
Cp = Specific heat - Btu/lb-°F
T = Temperature, °F
SA105 Conductivity
3.500 '
y=-1.249E-07x2- 1.027E-03x + 3.002E+00
3.000 o
2.500 M\
. M
£ 2.000
£
2 1.500
2]
Z
S 1.000
g
2 0500
(%
0.000
0 100 200 300 400 500 600 700 800 900 1000
Temperature, F
Figure 3-132. Carbon Steel Conductivity (~ 0.5% Carbon) - Model AOS-100B
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Tungsten Alloy Carbon Steel

VECTOR 1
MIN' 1.460Q5E+02
MAX 2.6223E+02

VECTOR 1
MIN® 1.4605E+02
MAX: 2 61B9E+02

1 4BOSE 02
1 4BOSE+02 el i
1 izﬁ:zz 1 S43SE+02
1 SESOE-02
i Eg:gé:gg 1 B2B4E 02
1 B673E+02 L BETE 02
1 7087E-02 - B
1 7Se1E+02 i Tar0e
i 1 7924E-02
s 1 B339E-02
1 B7HZE+02 L PEAE o
it 1 91B9E+02
P 1 9SEME-02
1 9983E+02 o i
2.0357E 02 2 ouikro2
S AL o 2 0gzoE~ez
2 122uE02 A
e 2 1659E-02
i i 2 zoTE-02
i 2 2uBsE 02
5 tmeeies 2 Z904E 02
2 32936402 2-2Maesen
Snonslin 2373302
2 HMEsoR 2 4A4EE 02
e 2 useIE 02
P Z YavEE 02
2 53626+02 2 v
2 S77EE02 2 SBeRE 02
2 E18%-02 2 B223E+02

s L

Figure 3-133. Load Case 102 — 100°F Ambient, 400W Decay Heat, Maximum Insolation,
Entire Model — Tungsten Alloy (Model AOS-100A) and Carbon Steel (Model AOS-100B)
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' Tungsten Alloy Carbon Steel
VECTOR 1 VECTOR 1
MIN 2 3880E+02 MIN 2 38B0E+02
MAX 2 B189E+02 MaX 2 B223E+02

Z 388RE+0Z 2. 3880E+02
2 3963E+02 2 3964E+0Z
2 UouSE-02 2 YOuBE+0Z
b 2 Y131E+02
2 uzgEE-02 G it
2 437SE+02 2 42896402
2 4u5TE+02 2 HSBeEroz
2 USHEE-02 2 HiseEs02
2 4B2ZE+0Z 2 HoGeE 02
2. 4795E+02 2 4E3ZE+0Z
2 YU7B7E+02 2 W7AT7E+02
2 4B7eE-02 2 YBOIE+0Z
2 YISZE-02 2 4es4E+02
2.5035E+02 2 YSESE+02
2 S117E-02 2 S0SZE+02
2.5200E+02 2 S135E+02
2 S282E-02 2 So19E+02
2 5365E+02 2 5303E+02
2 Ssaoe0r Ziseask e
2 SE1ZE-02 i 2;;2?2;
2 SEISE+0Z -
2 STTTE0Z 2 SERT 2
2 SESSE«0Z Z5ielb oz
= e e 2 SBOSE+02
2 BO24E-02 2 SEESE+0Z
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y
‘ Figure 3-134. Load Case 102 — 100°F Ambient, 400W Decay Heat, Maximum Insolation,
Cask Model — Tungsten Alloy (Model AOS-100A) and Carbon Steel (Model AOS-100B)
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Figure 3-135. 5-Hour Fire Transient, Fire at 30 Minutes, 1,475°F Ambient,
4.5-Hour Cool Down at 100°F — Tungsten Alloy (Model AOS-100A) and Carbon Steel (Model AOS-100B)

AOS Radioactive Material Transport Packaging System Safety Analysis Report
for Model AOS-025, AOS-050, and AOS-100 Transport Packages, Rev. C

Tempasraturs,

Carbon Steel

A0E-1008 Fire Condition

-
_—
3
-—
5 o o c ° & = o
o a o e e » @ a
3 »i " (4 " - 5 @
tire, hr




Tungsten Alloy

VECTOR i
MIN 1 S5110FE+02
MAX 1 4712E+03

1 S110E+02
1 9824E +02
2. 4539E+02
2 9253e+02

2

B8682E

33976+02
B111F +02

85 2
9. 9971E+02
1.Q4E9E+03
1 QSHRE+03
1 5
1

1

VECTOR 1

MIN
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1 S110E+02
1 Y712E+03

1 5110E+02
1.9825E+02
YE3E +02
S254E+02
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3397E+02
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Figure 3-136. Load Case 111 — Fire at 30 Minutes, 1,475°F Ambient, 400W Decay Heat,
Entire Model — Tungsten Alloy (Model AOS-100A) and Carbon Steel (Model AOS-100B)
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VECTOR

MIN
MAX

3-332

1
2. 4414E+02
7 98SBE+02

2 YY11E+Q2
2. B391E+Q2
B8372E+02
O3S2E+02
2332E+02
4312E+02
3 B293E+02
3.8273E+02
QZS3E+02
223302
Y214E+02
B1ME+02
BLHE+02
Q1SHE+OZ
2135E+02
Y415 +02
BOISE +02
BO7SE+OZ
QOSEE +02
2036E+0Z
YO1BE+02
S99BE +02
TSTTE+Q2
99I57Er0Z
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Tungsten Alloy Carbon Steel

VECTOR 1
MIN: 2 YH11E+02
MAX: 7.9851E+02
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2.6381E+02
2 B371E+Q2
3.0351E+02
3 2331E+02
3.4311E+02
B2I1E+02
B8271E+02
- OZS1E +02
2231E+02
Y211E +02
B1S1E+02
B171E+0Z
Q1S1E+02
2131E+02
Y111E +02
BO91E +02
B071E+02
QOS1E+02
2031E+02
YO11E +02
S981E+02
7971E+02
99G1E +02
1931E+02
3911E+02
S891E+02
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Figure 3-137. Load Case 111 — Fire at 30 Minutes, 1,475°F Ambient, 400W Decay Heat,
Cask Model — Tungsten Alloy (Model AOS-100A) and Carbon Steel (Model AOS-100B)
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. Tungsten Alloy Carbon Steel

VECTOR -
MIN® 1 BB1OE+02
MAX: 6 1980E+02

VECTOR 1
MIN: 1.680SE+02
MAX: 6.1981E+02

L EE0eE 05 1 6B10E+02
1 ciioneion 1.84236+02
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4 9074Ee2 M
5-0586E 02 5 2301E+02
5. 2301802 5 2914E+02
St Eroe 5 Es27E+02
5 55208102 5. 7A41E+02
Bkl e S B7SHE+02
5 87EHE0Z 6. 0367E+02
5. 05675402 & 1980E +02
6 1991402
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Figure 3-138. Load Case 112 — Fire at 60 Minutes, 100°F, 400W Decay Heat, Maximum Insolation,
Entire Model — Tungsten Alloy (Model AOS-100A) and Carbon Steel (Model AOS-100B)
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Tungsten Alloy Carbon Steel ‘
VECTOR 1 VECTOR 1
MIN: 2 Y4933E+02 MIN: 2 4BYBE+02
MAX: Y4 7SESE+Q02 MAX 4 73BSE+02
2 4g933E+02 2.4e4BEs02
2 STHE+02 2 5853E+02
2. BS4SE+02 2.BH5EEY0Z
2 7357E+02 2 T263E+02
2. B1B6E+02 2.8067E+0Z
2 BITME 02 2. 8872E+02
2 .9782E+02 2 SB7TE+02
3. QSS1E+02 3. 04B2E+02
3 13996 +02 3.1287E+02
3. 2207E+02 3.20326+02
3. 301BE+02 3.2897E+02
3 3B2UE 02 3 37026402
3 4B3ZE-02 3. 4507k <0
2 SHYLE+02 3.53U1E+02
3 B2YSE+02 2 B11BE+02
3 7057E+02 3 BI21E+02
3 7BEEE 02 3 772BE~02
3.B6THE+Q2 3 BS31E+02
3 94EZE+02 3 9336E+02
4. 0290E +02 4 @144E+02
4. 1099E +02 . G9BEr02
4. 1907E+02 4. L7S1E+02
4 271CE+02 Y. 2556E+02
4 ZSIUE+OZ Y . 3360E+02
4 4Z3TE+02 4 Y1B5E+02
4. S140E+02 4 4970E+02Z
4 S4SE+02 Y4 ST7SE+02
4 E7S7E+02 Y. 6580E+02
4 7SESE+02 HeraRE e
§ v
L L
Figure 3-139. Load Case 112 — Fire at 60 Minutes, 100°F, 400W Decay Heat, Maximum Insolation, '
Cask Model — Tungsten Alloy (Model AOS-100A) and Carbon Steel (Model AOS-100B)
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Tungsten Alloy

VECTOR 2
MIN 4 7BEYE+Q2
MAX 4 5590E+02

1. 7BEHE+02
1. B885HE+02
1 .8B44E+02
2.0835E+02
2.1B25E+02
2.2815E+02
2.3805E+02
2.4795E+02
2 578BE+02
2 B77BE+02
2 776BE+@2
2 .B75BE+02
Z . 9MTED2
3.0737E+02
3.4727E+02
3 274A7E+02
3.3707E+02
2 UEIBE+02
3 .56BBE+02
3 BEVBE+02
3 7EE8E+02
3 .8658E+02
3 SE4SE+02
4 OB33E+02
4 1B29E+02
Y4 2619E+02
4 3B10E+02
Y YEOOE +02
Y4 S590E+02

VECTOR 2
MIN 1 78B4E+QZ
MAX 4 S590E +02

1. 7BEYE+OZ
1.88S4E+Q2
1. 984SE+0Z
2. 0835E+02
2 .1825E+02
2 2815E+02
2 3BOSE+02
2 4796E+02
2 .5786E+02
2 B677BE+02
2 776BE+QZ
2.B756E+02
2 IMTE«QZ
3.0737E+02
3.4727E+02
3.2747E+02
3.3708E+02
3 4E98E+02
3. 5688E+02
3 . BETEE+0Z
3 7BEEBE+02
3 BBESIE+OZ
3. 9BHIE+02
4.0633E+02
4.1629E+02
4 2619E+02
4. 3610E+02
4 Y4B00E+02
4. 5590E +02
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Figure 3-140. Load Case 113 - Fire at 90 Minutes, 100°F, 400W Decay Heat, Maximum Insolation,
Entire Model — Tungsten Alloy (Model AOS-100A) and Carbon Steel (Model AOS-100B)
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Tungsten Alloy Carbon Steel .

VECTOR 2
MIN: 2.6808E+02
MAX 4 1689E+02

VECTOR 2
MIN: 2.646SE+02
MAX . 4 1316E+02

2. BB0BE+02 2 BUESE+02
2.733%E+02 2.6995E+02
2. 7871E+02 2. 7526E+02
2.8402E+02 2 BeSBE~02
2.BI3HE+02 2 B587E+02
2 UESE+02 2 91176402
2.9997E+02 2 SBYTE-0Z
3. 0528E+02 3. Q1L7BE+02
3.1060E+02 3. QT708E+02
2.4591E+09 3 .1238E+02
3 2123E+02 3 1769E+02
3. 2654E+02 3 .2299E+02
3 3185E+02 3 2830E+02
3.3717E+02 3 33E0E+02
3 424BE+02 3 .3890E+02
8. 47B0E+02 3 Y421E+02
3.S314E+02 3.49S1E+02
3.SB4SE 02 3.54EZE+02
3.B37UE+02 Minm
RiE00EE-02 3 B542E+02
L e 3.7073E+02
o e 3. 7603E+02
0800 102 3 BIS4E+02
8.9031E 02 3 BEBYE+0Z
< SRk r0e 3.9194E+02
bt 3.97256+02
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W it 4 Q78SE+02

4 131EE+02

Figure 3-141. Load Case 113 — Fire at 90 Minutes, 100°F, 400W Decay Heat, Maximum Insolation,
Cask Model — Tungsten Alloy (Model AOS-100A) and Carbon Steel (Model AOS-100B)
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‘ Tungsten Alloy Carbon Steel

UVECTOR 3
MIN: 1 BYYHE+QO2
MAX: 3 9527E+02

VECTOR 3
MIN' 1.8YUSE+@2
MAX 3 9380E+02

1 844UE+0Z
1 .9197E+02 L 9’*“55“22
4

e e
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2 BI8sE+02 2 991ZE+02
2.9738E+02 i
3 QUSIE+02 3 OUOEE 0D
3 1244E+02 5 A {See 00
3 1997E+02 2. 40mE0D
3 2750E+02 5 SEEAE 0P
3.3503E+02 3 3298E+0Z
3 4256E+02 3 Y14BE+Q2
3 SEOSE+0Z 3. 4BIuE+0Z
3 576202 3.5842E+02
3 B51SE+02 3.63896+02
3. 7268E 02 3.7137E+02
3.8021E+02 3.7885E+02
3 B77HE+02 3.8632E+02
3. 95270z 3.9380E+02
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Figure 3-142. Load Case 114 - Fire at 120 Minutes, 100°F, 400W Decay Heat, Maximum Insolation,
Entire Model — Tungsten Alloy (Model AOS-100A) and Carbon Steel (Model AOS-100B)

AOS Radioactive Material Transport Packaging System Safety Analysis Report 3-337
for Model AOS-025, AOS-050, and AOS-100 Transport Packages, Rev. C




VECTOR

2

MIN: 2 S205E+02
Max: 3.9527E+02

2
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S205E+02
S57HE+O2
S942E+02
0311E+02
QBB0E +02
104BE+02

AMTEO2

1786E+02
2154E+02
2523E+02
2891 E+~02
3Z60E+02

-3629E+02

3997E+02
43EEE+02

(47ISE+02
|5103E+02

ENT2E+02
SE4OE+02
B20SE+02
B57BE+02
BS4EE+02
T31SE+02
7E83E+02
BOSZE +02
BY21E+02
8789E+02
S158E+02
S527E+02
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Figure 3-143. Load Case 114 - Fire at 120 Minutes, 100°F, 400W Decay Heat, Maximum Insolation,
Cask Model — Tungsten Alloy (Model AOS-100A) and Carbon Steel (Model AOS-100B)
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Tungsten Alloy Carbon Steel .

VECTOR 3
MIN' 2.8631E+02
MAX 3 93B0E+02

2 .BE31E+02

2 901SE+02
2.9399E+02
2.9783E+02
3 0166E+02
2. 055eE+02
3.0934E+02
3 131B8E+02
3.1702E+02
3.2e86E+02
3. 2470E+02
3 2BSHE+O2
3 3238E+0z
3.3622E+02
2 Y40OSE+02
2 4SE9E+0Z
2. H7I3E+02
3 .5157E+02
3. 5541E+02
3.5925E+02

3 B309E+02
3 BEI3E+02
3. 7Q7VE+02
3. ME1E+02
3 TBUNE+OZ
3 8228E+02
3 861ZE+02
3. 8996E+02
3.9380E+02
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VECTOR 4
MIN 1 .7107E+02
MAX 3 BYIZE+02

7107E+02
TBESE+02
B630E+02
9392E+02
Q154E+02
0915E+02
1677E+02
243BE+02
3200E+02
3962E+02
Y723E+02
SHBSE+02
B247E+02
TOOBE 02
TI70E+R2
B5S32E+02
S293E+02
QOSSE+02
0817E+02
1578E+02
2340E+02
3102E+02
3863E+02
YE25E +02
S387E+02
B148E+02
B310E +02
B 72E+02
B433E+02
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Tungsten Alloy

VECTOR
MIN 1
MAX: 2

WwwwwWwwwwwwwNNNRNNNNNNNNNNEREP PP

Y
T107E+02
B363E+02

T107E+02
TBEBE +02
BE25E+02
S384E+02
Q143E+02
Q903E+02
1662E+02
2421E+02
3180E+02
3938E+02
YEIBE +02
SYSTE+02
B217E+02
E376E+02Z
7V3SE+02
BYSHE+O2Z
S253E+02
QQIZE+02
TPZE+02
1531E+02
2290E+02
3049E +02
380BE+02
Y5ETE+02
S326E+02
E08BE +02
EB4SE+02
TEOYE+02
B363E+02
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Figure 3-144. Load Case 115 — Fire at 150 Minutes, 100°F, 400W Decay Heat, Maximum Insolation,
Entire Model — Tungsten Alloy (Model AOS-100A) and Carbon Steel (Model AOS-100B)
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VECTOR 4
MIN: 3.1176E+02
MAX: 3 B433E+02

3 1176E+02
3.4435E+02
3 1BS4E+02
3.1953E+02
3.2213c+02
3. 2472E+02
3.2731E+02
3. 2990k +02
8.3249E+02
3.3509E+02
3.376BE+02
3.4027E+02
3.4286E+02
3 .454SE+02
3.4805E+02
3 .50E4E+02
3. 5323 +02
3 5582E+02
3.5841E+02
3 6101E+02
3.6360E+02
3 B619E+02
3.6878E+02
3.7137E+02
3.7337E+02
3. 7656E+02
3 7915E+02
3 .B174E+02
3 BY33E+02
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Tungsten Alloy Carbon Steel

VECTOR 4
MIN 3 O4SZE+02
MAX 3. B8363E+02

QY9ZE+O2
Q773E+02
1054E+02
1335E+02
1B616E+02
1B897E+02
2179E+02
2460E +02
2MIE+02
2022E+02
3303E+02
2EBYEL02
386SE+02
Y146E+02
Y427E+02
Y7O9E+02
Y990E +02
S271E+02
SS52E+02
S833E +02
BLA4E+O2
E39SE«02
BETBE+02
B9S7E+02
7239 +02
TS20E+02
7801E+02
B8082E +02
B363E+02
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Figure 3-145. Load Case 115 — Fire at 150 Minutes, 100°F, 400W Decay Heat, Maximum Insolation,
Cask Model — Tungsten Alloy (Model AOS-100A) and Carbon Steel (Model AOS-100B)
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: | 3.5.5 Material Properties Correlation between the Equations
' Provided in the Test and the LIBRA Input File

TI Load Case_111 - 100F Ambient, Max Decay Heat, max Insolation

*

mc 12 31 32 33 34

cnd 1 0.0, 0.0, 0.0
cnd 2 8.1185, 0.0, 0.0
cnd 3 13.688, 0.0, 0.0
cnd 103 13.70, 0.0, 0.0
cnd 4 18.10, 0.0, 0.0
cnd 104 18.10, 0.0, 0.0
cnd 5 195.88, 0.0, 0.0
cnd 6 0.0, 3.22, 0.0
cnd 106 0.0, 3.226, 0.0
cnd 7 4.6058, 3.226, 0.0
cnd 8 6.6528, 3.226, 0.0
cnd 9 8.188, 3.226, 0.0
cnd 109 8.25, 3.22, 0.0
cnd 1009 8.25, 3.226, 0.0
cnd 10 13.688, 3.22, 0.0
cnd 110 13.688, 3.226, 0.0
cnd 1010 13.70, 3.22, 0.0
cnd 11 18.10, 3.22, 0.0
cnd 111 18.10, 3.22, 0.0
cnd 12 19.6, 3.22, 0.0
‘ cnd 13 23.1, 3.22, 0.0
cnd 14 0.0, 10.446, 0.0
cnd 114 0.0, 10.456, 0.0
cnd 15 5.36, 10.446, 0.0
cnd 115 5.36, 10.456, 0.0
cnd 16 6.725, 10.446, 0.0
cnd 116 6.725, - 10.456, 0.0
cnd 17 8.188, 10.446, 0.0
cnd 117 8.25, 10.456, 0.0
cnd 18 13.1936,9.661, 0.0
cnd 19 13.688, 9.5815, 0.0
cnd 20 5.36, 12.024, 0.0
cnd 21 6.725, 11.70, 0.0
cnd 121 6.730, 11.763, 0.0
cnd 22 8.25, 11.70, 0.0
cnd 122 8.25, 11.763, 0.0
cnd 23 13.20, 11.70, 0.0
cnd 123 13.075, 11.763, 0.0
cnd 1023 13.20, 11.71, 0.0
cnd 24 13.688, 11.70, 0.0
cnd 124 13.70, 11.71, 0.0
cnd 25 18.10, 11.71, 0.0
cnd 125 18.10, 11.71, 0.0
cnd 26 23.10, 11.71, 0.0
cnd 27 0.0, 13.20, 0.0
‘ cnd 28 5.36, 13.20, 0.0
cnd 29 6.725, 13.20, 0.0
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cnd 129 6.730, 13.20, 0.0
cnd 30 8.25, . 13.20, 0.0 .
cnd 31 13.075, 13.2262, 0.0
cnd 51 0.0, 46.20, 0.0
cnd 52 5.344, 46.20, 0.0
cnd 152 5.36, 46.20, 0.0
cnd 53 6.725, 46.20, 0.0
cnd 153 6.730, 46.20, 0.0
cnd 54 8.25, 46.20, 0.0
cnd 55 10.18, 46.20, 0.0
cnd 56 13.075, 46.20, 0.0
cnd 57 0.0, 47.70, 0.0
cnd 58 5.344, 47.70, 0.0
cnd 158 5.36, 47.70, 0.0
cnd 59 6.725, 47.70, 0.0
cnd 159 6.730, 47.637, 0.0
cnd 60 8.25, 47.637, 0.0
cnd 160 8.25, 47.70, 0.0
cnd 61 9.125, 47.637, 0.0
cnd 161 9.125, 47.70, 0.0
cnd 62 ~13.075, 47.637, 0.0
cnd 162 13.20, 47.69, 0.0
cnd 1062 13.20, 47.70, 0.0
cnd 63 13.688, 47.70, 0.0
cnd 163 13.70, 47.69, 0.0
cnd 64 18.10, 47.69, 0.0
cnd 164 18.10, 47.69, 0.0
cnd 65 23.10, 47.69, 0.0 .
cnd 66 0.0, 48.327, 0.0
cnd 67 5.344, 48.327, 0.0
cnd 167 5.36, 48.317, 0.0
cnd 68 6.725, 48.317, 0.0
cnd 168 6.725, 48.327, 0.0
cnd 69 8.25, 48.317, 0.0
cnd 169 8.25, 48.327, 0.0
cnd 70 9.125, 48.317, 0.0
cnd 170 9.075, 48.327, 0.0
cnd 71 13.0361,49.16566,0.0
cnd 72 13.688, 49.3071, 0.0
cnd 73 0.0, 48.944, 0.0
cnd 173 0.0, 48.954, 0.0
cnd 74 5.344, 48.%44, 0.0
cnd 174 5.344, 48.954, 0.0
cnd 75 6.96